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PREFACE TO THE FIRST EDITION. 



This Work is intended as a Guide to the Officers of all grades of 
the Merchant Service, in the examinations they are required to 
undergo before the Local Marine Board. It will be issued in Two 
parts: — Part I containing what is termed the Ordinary Examination, 
and Part II containing the Extra Examination. 

The present volume, which relates to the Ordinary Examination, 
contains model solutions of examples in the various problems 
required of Candidates when under Examination, with numerous 
Exercises to each Problem, together with a variety of Examination 
Papers. It also contains all requisite information respecting the 
Deviation of the Compass ; Lights of the English, St. George's, 
and Bristol Channels, &c. ; Stowage of Cargoes ; Invoice ; Charter 
Party ; Bottomry Bonds, &c. 

In the preparation of the articles on Searhanship, the following 
works have been consulted: — "The Kedge Anchor," by W. Brady, 
U.S.N. ; "The Seaman's Friend," by R. H. Dana, jun; "The 
Sheet Anchor," by Darcy Lever, Esq. ; while my obligations to 
other works have been duly acknowledged. The works of Abbott, 
Lees, Steele, and M'Culloch, &c, are the authorities that have 
been consulted on the subjects of Charter Party, Bills of Lading, &c. 



T. L. A. 



South Shields, July totb, 1856. 



ADVERTISEMENT 

TO 

THE THIRTY-SECOND EDITION. 



In this Edition of the "Guide Book," such alterations and 
additions have been made in the work as were necessary to 
adapt it to the present requirements of the Examinations — con- 
siderable alterations in the Examination Papers having come into 
operation on March ist, 1872. 

T. L. A. 

S$utb Shields, 

September i$tk, 1875. 



ERRATA ET CORRIGENDA. 
I 



•om the top (E*. i), for 490 read 6497, and for 15 read 835. 

e first divisor should be 9, not 8 ; and the aecond divisor should 

t 9 . 

or 5'ooooi7 read joooooo. 

or 4'7iiju read 4711551. 

or 6 , 6cio6i read 6'6oio6o. 

e log. of -4S1S ihonld be 9-683767, not 9-683687 ; and the log. of 

ent '04056 ia 8'6oSo46. 

096, for nat. sine ij6'4i' = sine 43° 18' read nut. sine 156* 41' = 

13 1 8' ; and for nat. sine 104° 16' read 140° 16*. 

h 1 1 o, line 2 , for learntd read Uarner. 

from bottom, for toward* the spectator road towards what the 

e ship's head by compass should be S.S.E. 

«m top, for the antral thtme read the emtral lint Mow. 

ork, for ship's head S.S.E. I E., read S.E. J E. 

1 from bottom, the variation should be 30° 18' W., not 30° 18' E. 

1 to meridian, after iIoib on app. time at ship, insert 4 b 8™ 1 1'. 
ill, Day's Work, second dirt, should be 53', instead of 30'. 
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EXAMINATION OF MASTERS AND MATES 

I 

FOR 

CEETIPICATES OF COMPETENCY 



»» 



Under " The Merchant Shipping Act, 1854/ 

AND 

VOLTJNTAEY EXAMINATION IN STEAM, 



1. Under the pro visions of tho "Merchant Shipping Act, 1 854, "no "Foreign-going ship"* 
or "Home Trade Passenger Ship"* can obtain a clearance or transire, or legally proceed 
to sea, from any port in the United Kingdom unless the Master thereof, and in the case of 
a Foreign-going Ship the First and Second Mates, or Only Mate (as the case may be), and 
in the case of a " Home Trade Passenger Ship " the First or Only Mate (as the case may 
be), have obtained and possess valid Certificates, either of Competency or Service, appro- 
priate to their several stations in such ship, or of a higher grade ; and no such ship, if of one 
hundred tons burden or upwards, can legally proceed to sea unless at least one officer besides the 
Master has obtained and possesses a valid Certificate, appropriate to the grade of Only Mate 
therein, or to a higher grade ; and every person who having been engaged to serve as 
Master^ or as First or Second Mate or Only Mate of any " Foreign-going Ship," or as 
Master or First or Only Mate of a " Home Trade Passenger Ship," goes to sea as such 
Master or Mate without being at the time entitled to and possessed of such a Certificate as 
the Act requires, or who employs any person as Master, or First, Second, or Only Mate of 
any " Foreign-going Ship," or as Master or First or Only Mate of any " Home Trade 
Passenger Ship," without ascertaining that he is at the time entitled to and possessed of 
such Certificate, for each offence incurs a penalty not exceeding Fifty Pounds. 

2. Every Certificate of Competency for a " Foreign-going Ship " is to be deemed to be 
of a higher grade than the corresponding Certificate for a " Home Trade Passenger Ship," 
and entitles the lawful holder to go to sea in the corresponding grade in such last-mentioned 
Ship; but no Certificate for a " Home Trade Passenger Ship " entitles the holder to go to sea as 
Master or Mate of a" Foreign-going Ship." 

3. Certificates of Competency will be granted to those persons who pass the requisite exami- 
nations, and otherwise comply with the requisite conditions. For this purpose examiners 
have been appointed, and arrangements have been made for holding examinations at the 
ports and upon the days mentioned in the Table marked A, page 1 3. The days for exami- 
nation are so arranged for general convenience, that a candidate wishing to proceed to sea, 
and missing the day at his own port, may proceed to another port where an examination is 
coming forward. 

4. Candidates for examination must give in their names to the Local Marine Board if the 
place where they intend to be examined is a port where there is a Local Marine Board, on 
or before the day of examination (except in the case of Londonf and Liverpool), and must 

• By a " Foreign-going' Ship " is meant one which w bound to some place out of the United Kingdom beyond 
the limits included between the River Elbe anl Brest; and by a "Home Trade Passenger Ship" is meant 
sny Home Trade Ship employed in carrying Passengers; and it is to be observed that Foreign Steam SJtips 
vken employed in carrying Pn.wnrjers between places in the V.iited Kingdom are subject to all the provi- 
sion* of the Act, a* retnrds < Vrlia n*es of Masters, Mated, and Engineers, to which lihtinh Steam Ships are 
subject : s. 291 o:" the Mercha::: Snip >ing Act, 1854, and s. 5 of the Merchant Shipping Act, &c., Amendment 
Act, 1862. 

t At London applications for examination must be made on Fridays ftom 10 til 4, and on Saturdays from 
10 till j. 

At Liverpool applications for examination must be made on Tuesdays, Wednesdays, Thursdays, and 
Saturdays, oaring office hours, 

B 
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conform to any regulations in this respect which may he laid down by the Local Marine 

Board ; and if this be not done, delay may be occasioned, 
j. Testimonials of character, and of sobriety, experience, ability, and good conduct on 

i x _r -vi :n t. — |nired of all applicanta. and without producing them no person will 

testimonials may have to ho forwarded to the office of the Registrar- 
■ondon for verification before any certificates can be granted, it il 
i3 should lodge them as early as possible. The testimonials of 
and of British Seamen serving in foreign vessels, which cannot be 
■-General of Seamen, must be confirmed either by the consul of the 
ship in which the candidate served belonged, or by some other 
irity of that country, or by the testimony of some other credible 
igpersonal knowledge of the facts required to he established. Upon 
erintendent of the Mercantile Marine Office candidates will be 
in, i), which they will be required to fill up and lodge with their 
a of the examiners. 

unot be verified by the proper Entries in the Articles of the Ships 
have served cannot be oounted. Thus, — for instance, a Man will 
been as Second or Only Mate, and to support this assertion will 
Discharge or Employment by the Master stating that he served as 
•e to the Articles it appears that he has actually been rated as 
n such a case will not be regarded as having been in the capacity 

\, from any cause, been regularly promoted on a vacancy in the 
im the rank for which he first shipped, and such promotion, with 
ias been made, ie properly entered in the Articles and in the Official 
irse receive credit for his service in the higher grade for the period 

will commence early in the forenoon on the days mentioned in 
dnued from day to day until all the candidates whose names appear 
:'s list on the day of examination are examined. 
Marine Board are in every respect satisfied with the testimonials of 
ie coasting trade may be allowed to count as service, in order to 
:ion for a Certificate of Competency for Foreign -going Ships as a 
■vice as Mate in the coasting trade may be allowed to ooant as 
rtificate, provided the candidate's name has been entered as Mate 
, and provided he has already passed an examination. 

>NS FOE CERTIFICATES OF COMPETENCY 
>R A "FOBEIGN-GOING SHIP." 

lired for the several ranks undermentioned are as fallow : — 
must be seventeen years of age, and must have been four years at sea. 
nust write a legible jiand, and understand the first five rules of 
■f logarithms. He must be able to work a day's work complete, 
nd distance of the port ha is bound to, by Mercator's method ; to 
don for longitude, and find his latitude by moridian altitude of the 
other easy problems of a like nature as may be put to him. He 
of tho sextant, and be able to observe with it, and road off the arc. 

nust give satisfactory answers as to the rigging and unrigging of 
&c. ; must understand the measurement of the log-line, glass, and 
with the rule of the road, as regards bplh steamers and sailing 
id fog signals carried by them, and will also bo examined as to his 
Commercial Code of Signals for the use of all Nations." 
; must be nineteen years of age, and havo been five years at sea. 
Idition to the qualification required for a Second Mate, an Only 
observe and calculate the amplitude of the son, and deduce the 
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variation of the compass therefrom, and be able to find the longitude by chronometer by the 
usual methods. He must know how to lay off the place of the ship on the chart, both by 
bearings of known objects, and by latitude and longitude. He must be able to determine 
the error of a sextant, and to adjust it, also to find the time of high water from the known 
time at full and change. (See List A, page 9.) 

In Seamanship. — In addition to what is required for a Second Mate, he must know how 
to moor and unmoor, and to keep a clear anchor ; to carry out an anchor ; to stow a hold ; 
and to make the requisite entries in the ship's log. He will also be questioned as to his 
knowledge of the use and management of the mortar and rocket lines in the case of the 
stranding of a vessel, as explained in the official log-book. 

11. A FTJLST MATE must be nineteen years of age, and have served five years at sea, 
of which one year must have been as either Second or Only Mate, or as both.* 

In Navigation. — In addition to the qualification required for an Only Mate, he must be 
able to observe azimuths and compute the variation ; to compare chronometers and keep 
their rates, and find the longitude by them from an observation of the sun ; to work the 
latitude by Bingle altitude of the sun off the meridian ; and be able to use and adjust the 
sextant by the sun. 

In Seamanship. — In addition to the qualification required for an Only Mate, a more 
extensive knowledge of seamanship will be required, as to shifting large spars and sails, 
managing a ship in stormy weather, taking in and making sail, shifting yards and masts, 
&c, and getting heavy weights, anchors, &c, in and out ; casting a ship on a lee-shore ; 
and securing the mast in the event of accident to the bowsprit. 

12. A MASTER must be twenty-one years of age, and have been six years at sea, of 
which at least one year must have been as First or Only Mate, and one year as Second 
Mate. 

In addition to the qualification for a First Mate, he must be able to find the latitude by a 
star, &c. He will be asked questions as to the nature of the attraction of the ship's iron 
upon the compass, and as to the method of determining it. He will be examined in so 
much of the laws of the tides as is necessary to enable him to shape a course, and to compare 
his soundings with the depths marked on the charts. He will be examined as to his com- 
petency to construct jury rudders and rafts ; and as to his resources for the preservation of 
the ship's crew in the event of wreck. He must possess a sufficient knowledge of what he 
is required to do by law, as to entry and discharge, and the management of his crew, and 
as to penalties and entries to be made in the official log ; and a knowledge of the measures 
for preventing and checking the outbreak of scurvy on board ship. He will be questioned 
u to his knowledge of invoices, charter-party, Lloyd's agent, and as to the nature of 
bottomry, and he must be acquainted with tho leading lights of the channel he has been 
accustomed to navigate, or which he is going to use. (See List B, page 9.) 

In cases where an applicant for a certificate as Master Ordinary has only served in a 
fore-and-aft-rigged vessel, and is ignorant of the management of a square-rigged vessel, he 
may obtain a certificate on which the words ""fore-and-aft-rigged vessel" will be written. 
This certificate does not entitle him to command a square-rigged ship. This is not, how- 
ever, to apply to Mates, who, being younger joen, are expected for the future to learn their 
business completely. 

13. An EXTRA MASTEB'S EXAMINATION is voluntary, and intended for such persons 
as wish to prove their superior qualifications, and are^desirous of having certificates for the 
highest grade granted by the Board of Trade. 

In Navigation. — As the vessels which such Masters will command frequently make long 
voyages, to the East Indies, the Pacific, &c, the candidate will be required to work a lunar 
observation by both sun and star, to determine the latitude by the moon, by Polar star off 
the meridian, and also by double altitude of the sun, and to verify the result by Sumner's 
method. He must be able to calculate the altitudes of the sun or star when they cannot be 
observed for the purposes of lunars, — to find the error of a watch by the method of equal 
altitudes, — and to correct the altitudes observed with an artificial horizon. 

He must understand how to observe and apply the deviation of the compass ; and to 

* Service in a superior capacity is in all cases to be equivalent to service in an inferior capacity. 
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i of the current from the D. R. and observation. Ho will ba required 
f (Treat circle sailing, and know how to apply practically that know- 
, bo required to go into the calculations. He must be acquainted 
, bo far a* to know how he may probably best escape those tempests 
id West Indies, and known aa hurricanea. 

,e extra examination will consist of an inqairy into the competency 
ve a ship down, in case of accident befalling her abroad ; to get lower 

to perform such oihir operations of a like nature as the Examiner 

to examine him upon. 

N8 FOB CERTIFICATES OF COMPETENCY FOR 

HOME TRADE PASSENGER SHIP." 
wriU) a legiblo hand, and understand the first four rules of arithmetic. 
derstand the rule of the road, and describe and show that he nnder- 

rcgulation as to lights. He must be able to take a bearing by 

the ship's course on a chart. He must know the marks in the lead- 
rk and heave the log. 

nut have served one year as a Hate in the Foreign or Home Trade. 
Jifiraiions required for a Mate, he must show that he is capable of 
g any coast, for which purpose he will be required to draw upon a 

Eiaminor, the courses and distances he would run along shore from 
, and to give in writing the courses and distances corrected for 
[rings of the headlands and lights, and to show when the courses 
.lt to clear any danger, or to adapt it to the coast. He must under - 
is soundings according to the state of the tide. He will also be 
owled go of the nao and management of the mortar and rocket line* 
iding of a vessel, an explained in the Official Log Book. 
lay bo examined for a Master' a Certificate of Competency for Home 
s, notwithstanding that he may not have served in the capacity of 

RULES AS TO EXAMINATIONS AND FEES. 
i will bo allowed to work out the various problems according to the 
they have been accustomed to use, and will be allowed five hours to 
the expiration of which time, if they have not finished, they will be 
, unless the Local Marino Board see fit to extend the time. 
.ruination must be paid to the Superintendent of the Mercantile Marine 
;r). If a candidate fail in his examination, half the fee he has paid . 
a by the Superintendent of Mercantile Marine Office, on his producing 
e HH, which will be given him by the Examiner. The fees are as 

"FOB FOBEHW-GOIHO SHIPS." 

£ : d. 

date i o o 

i Only Mate, if previously possessing an 

ir certificate o 10 o 

whether Extra or Ordinary . . . a o. o 

if previously in possession of a certificate 

jre- and- aft-rigged vessels i o o 

aving a Master's Certifieate of Competency for Foreign-going Ships may go 

ation without payment of any fee, but if he fails in his fir it examination, 

he charged for each subsequent examination. 

FOB "H0HETB4DE PA8SOGEB SHIPS." 
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1 8. If the applicant passes he will receive the Form Exn. 16, late GG, from the 
Examiner, which will entitle him to receive his Certificate of Competency from the Super- 
intendent of the Mercantile Marine Office, at the port to which he has directed it to be 
forwarded. If his testimonials have been sent to the Registrar to be verified, they will be 
returned with his Certificate. 

19. If an applicant is examined for a higher grade and fails, but passes an examination 
of a lower grade, he may receive a certificate accordingly, but no part of the fee will be 
returned. 

20. In every case the Examination, whether for Only Mate, First Mate, or Master, is to 
commence with the problems for Second Mate. 

21. In all cases of failure the candidate must be re-examined de novo. If a candidate 
fails in Seamanship he will not be re-examined until after a lapse of Six Months, to give him 
time to gain experience. If he fails three times in Navigation he will not be re-examined 
until after a lapse of Three Months. 

'22. As the examinations of Masters and Mates are made compulsory, the qualifications 
have been kept as low as possible ; but it must be distinctly understood, that it is the inten- 
tion of the Board of Trade to raise the standard from time to time, whenever, as will no 
doubt be the case, the general attainments of officers in the merchant service shall render it 
possible to do so without inconvenience ; and officers are strongly urged to employ their 
leisure hours, when in port, in the acquirement of the knowledge necessary to enable them 
to pass their examinations ; and Masters will do well to permit apprentices and junior 
officers to attend schools of instruction, and to afford them as much time for this purpose as 
possible. \ 

EXAMINATION <}f MASTERS AND MATES WITH REFERENCE 
TO THE COMMERCIAL CODE OF SIGNALS FOR THE USE 
OF ALL NATIONS.— INSTRUCTIONS TO EXAMINERS. 

23. In transmitting the accompanying copy of the latest edition of the Commercial Code 
of Signals for the use of the Examiners, the Board of Trade desire to direct attention to the 
principal points connected with this Code as to which Candidates for examination should be 
questioned. 

24. At the same time, as the subject is probably new to some of the Examiners themselves, 
the Board recommend to them a perusal of the Report of the Signal Committee of 1855 (which 
will be found at the commencement of the Signal Book), and also the first few page* of the 
Book. The information therein given will be found sufficient to make the Examiners theo- 
retically acquainted with the characteristics of the New Code, and the advantages it claims 
to possess over other Codes, and will enable them to appreciate and urge upon Candidates for 
Examination the facilities which the new System of Signalling affords for easy and rapid 
communication. 

25. The " comprehensiveness " and " distinctness " of the Commercial Code are its chief 
recommendations. 

26. The form of the Hoist generally indicates tho nature of the Signal made, so that an 
observer can at Bight understand the character of the Signal he sees flying. 

27. The Examinations should tend to elicit a knowledge of the distinctive features of the 
Code above alluded to. 

With this object the Examiners should make the 2, 3, and 4 Flag Signals on the Frame 
board which is furnished for the purpose (always taking care first to show the Ensign and tho 
Code Pennant at the Gaff)* questioning the Candidates as to the distinguishing Forms of the 
respective Hoists, which will be indicated according as a Burgee, or a Pennant, or a Square 
Hag, is uppermost. 

28. The Candidate ought to know how to find in the Signal Book the communication or 
the inquiry he desires to make, and how to make the Signal The Signal to be made should 
invariably be sought for by the candidate in the Vocabulary and Index, Fart II, and never 
in Part I. 

29. The Candidate ought to know how to interpret a Signal. 



MMblMta 



* The object of this is, of course, to distinguish the Signals from those of another Code. 
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Examiner should place a Bignal on the Frame board, and vary the Signal by showing 
Flag Signal, or a "Geographical" ora "Vocabulary" Signal, or the nam* of a 
nt Ship or a Ship of War. 
.wo latter Signals would not of course bo found in the Signal Book. The Candidate 

point them out in the Oodt Lint of Ship: 

A Candidate ought to be able to read off a Signal at eight, ao far as to name the Flags 

ng the Hoist. 

Ua ought to know the use of the Code Pennant, and of the Pennants C and D, 

The Candidate should' be practised in the use of the Spelling Table, by being made 
his own name, 01 some word not in the Vocabulary of the Code. 
As Ships of War use a different sot of Code Flags, the Candidate ought to be aware 
tct, and should know that a plate of the Admiralty Flags is to be found in the Signal 
s well as plates of the Code Flags which Foreign Ships of War will use in signalling 
hant Vessels. He should also know that every Official Log Book contains plates of 
■Ao Flags. 

A knowledge of the Distant Signals should be required of the Candidate, their object, 
mode of signalling by Distant Code, which will be found at the end of the Signal 

he purpose two Black Balls, two Black Square Flags, and two Black Pennants will 
shed with the Frame board, and the Candidate should be required to make one or 
tant Signals, and to read off one or two made by the Examiners. 
Jail being the distinguishing symbol of the Distant Signal, any Pennants or Flags 
lode may be employed in conjunction with it, irrespective of colour. The Black 
ts and Flags are merely sent as showing best in the light background of the Frame 

BEKAPHOBEB. 
We have as yet no Semaphores on our coasts. The French, however, have upwards 
:uch stations established on their coasts, at which the Commercial Code of Signals 

A plate at the end of the Signal Book explains the method by which the arms of the 
ore are made to represent by their position (up, down, or horizontal), the three 
: used for distant signalling, viz., a Flag, a Ball, or a Pennant. Before making 
with the Semaphores, the Black Disc, with the white rim, should be placed on the 
is Semaphore Mast, as it properly forms a part of the Mast itself, 
rhe Board of Trade think it of consequence to observe that as the Commercial Code 
its integrity) been translated into French, and as copies of the Signal Book are 
id to all French Vessels of War and Semaphore stations, any Englishman can now, 
Code, make his wants known to them. 

1 nations are now negotiating for the adoption of tho Commercial Code, and from the 
rith which Foreigners seem to have accepted the Code wherever it has been presented 
notice, there is every reason to believe that in a short time the Mercantile Marine 
ationa will have the advantage of being able to communicate by an "Universal 
ge of Signals." 

Set Majesty' 9 Government have done all in their power to promote the use of the 
■cial Code, and the Government of India and nearly all the Colonial Governments 
opted it, and a large number of Signal Books and Code Lists have already been 
ad in the British Possessions abroad. 



STERS' AND MATES' VOLUNTARY EXAMI- 
NATIONS IN STEAM. 

Arrangements have been made for giving to those Masters and First and Only Mates 
possessed of or entitled to certificates of competency, an opportunity of undergoing 
aiy examination as to their practical knowledge of the use and working of the steam 
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engine. These examinations are conducted on the premises, and under'.the superintendence 
of the Local Marine Boards at such times as they may appoint for the purpose ; and the 
Examiners are selected by the Board of Trade from the Engineer Surveyors appointed under 
the fourth part of "The Merchant Shipping Act, 1854." 

40. Any Master or Mate desiring to be examined in Steam, must deliver to the Superin- 
tendent of the Mercantile Marine Office, a statement in writing to that effect, upon the form 
of application (Exn. 2, late EE) ; if the applicant has a Certificate of Competency, such 
certificate must be delivered to the Shipping Master along with his statement. If he is 
about to pass an examination for a Certificate of Competency at the same time, the appli- 
cations should be sent in together. 

41. A fee of one pound must be paid by the applicant for the examination in Steam, and 
the Superintendent of the Mercantile Marine Office will thereupon inform h\m of the time 
and place at which he is to attend to be examined, and the examination will then and there 
proceed in the same manner as the other examinations. If the applicant fails, and has given 
in his certificate, it will at once be returned to him, but no part of the fee he has paid will be 
returned. 

43. If he passes, the Report (Exn. 14, late FF) will be sent to the Board of Trade, and 
the Certificate of Competency with the Form (Exn. 2, late EE) to the Registrar-General of 
Beamen ; the words " Passed in Steam" with the date and place of examination, will then be 
entered on the certificate and its counterpart, and the certificate will be sent to the Superin- 
tendent of the Mercantile Marine Office ot the port named in the Application (Exn. 2, late 
E£) to be delivered to the applicant in the usual manner. 

43. The examination is viva voce, and extends to a general knowledge of the practical 
use and working of the steam-engine, and of the various valves, fittings, and pieces of 
machinery connected with it. Intricate theoretical questions on calculations of horse-power 
or areas of cylinders and valves, or any of the more difficult questions which appertain to 
steam-engines and boilers, will not be asked. The examination will in fact be confined to 
what a master of a steam- vessel may be called upon to perform in the case of the death, 
incapacity, or delinquency of the engineer. 

44. If the applicant fails to answer some few of the questions, and yet, in the opinion of 
the Examiner, possesses such a competent knowledge of the parts of the engine generally, 
and inch other practical knowledge of the subject as will enable him to effect the object in 
view, the Examiner will exercise his discretion as to whether a sufficiently high standard of 
knowledge has been attained, and pass him or not accordingly. 

45. The Examiner will provide drawings and working sections, on a sufficiently large 
scale, of the various parts of the steam-engine, and of the valves and slides, &c, as may be 
necessary, and will require the applicant to make use of them in giving his answers to the 
Tsrioos questions put to him ; and, if an opportunity offer, the applicant will be permitted, 
under the guidance of the Examiner, to start and stop the engine of some vessel which may 
have her steam up. 

CERTIFICATES OF SERVICE. 

46. A Certificate of Service entitles an Officer who had served as either Master or Mate 
in a British Foreign-going Ship before the 1st January, 1851, or as Master or Mate in a 
Home Trade Passenger Ship before the zst January, 1854, to serve in those capacities again * 
and it also entitles an Officer who has attained or attains the rank of Lieutenant, Master, 
Passed Mate, or Second Master, or any higher rank in the service of Her Majesty or of the 
late East India Company, to serve as Master of a British Merchant Ship, and may be had 
by application to the Registrar-General of Seamen, Adelaide Place, London Bridge, London 
or to any Superintendent of a Mercantile Marine Office in the Outports, on the transmission 
and verification of the necessary certificates and testimonials. 

LOCAL MARINE BOARD EXAMINATIONS— NOTICE 
TO CANDIDATES— OFFICIAL NOTICE. 



i. Candidates are required to appear at the examination room punctually at the time 
appointed. 



Notice of Alteration t 



as are prohibited from bringing into the examination room books or papers 
hatever. The slightest infringement of this regulation will subject the 
he penalties of a failure. 

rent of any Candidate being detected iu defacing, blotting, writing in, or 
ng any book or books belonging to the Board, the papers of such Candidate 
I until the book or books bo defaced be replaced by him. He will not, how* 
ty to remove the damaged book, which will still remain the property of the 

ant of any Candidate being discovered copying from another, or affording 
r giving any information to another, or communicating in any way with 
; the time of examination, he will subjoct himself to a failure and its 

date will be allowed to work out his problem on a slate or on waste paper, 
date will be permitted to leave the room until he has given up the paper on. 

jb will be allowed to work ont the various problems by the method and tables 
accustomed te use, and will be allowed five hours to perform the work. At 
f the five hours they will, if they have not finished, be declared to have 
io Local Marine Board or Examiner see fit to lengthen the period in any 
: however, the period is lengthened in any case, the special circumstances of 
is reasons for lengthening the period must be reported to the Board of Trade 
rs at the time they send in the report on Form FF. 

is will find it more convenient, both hero and at sea, to correct the decli- 
r elements from the Nautical Almanac by the "hourly differences " which 
a in that work in order to facilitalo such calculations; they will thereby 
es independent of any proportional or logarithmic table for such purpose, 
ctiona by inspection from tables given in ninny works on. navigation will 
(see Tables IX, XI, and XXI, in Nona's Epitome; Tables 11 and 38 in 
:ion) ; every correction most appear on the papers of the Candidates. The 
Extra Master are referred to page 519 of the Nautical Almanac, 1867, for 
don on this subject 

tes are expected to bring their answers to all problems within, or not to 
n of one mile of position from a correct result. 

ig the longitude by chronometer the logarithms used in finding the hour- 
taken oat for seconds of are. 

her problems the logarithms to the nearest minute will be sufficiently correct 
icept Extra Master, from whom a degree oF precision will be required, both 
in the results, beyond what is demanded from the inferior grades. 

THOMAS GRAY, Assistant Secretary. 
Trade, Marine Department, January tit, 1869. 



: OF ALTERATION IN EXAMINATION 
PAPERS. 

day of March, 1871, all candidates presenting themselves for examination 
1 Mate's Certificates for the first time, will be required to give short defi- 
ny of the terras contained in the following list (A) as may bo marked with 
Examiner. These questions are, at the aame time, intended to lest the can- 
iling and spelling, to both of which special attention should be paid by him. 
jle of Deviations " which hitherto formed part of Form Bxn. 7, the questions 
! following list(B) have boen substituted. Candidates for O-itifieates of 
Masters Ordinary will be required to answer at bast twelve of such of these 
.y be marked with a cross by the Examiner. Candidates for First-class 
ster Extra) will be required to answer the whole of these questions. 

THOMAS GBAY. 
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List A referred to m Circular, 



NJB.— The Candidate it to write a thori definition against to many ef the following terms as 
may be marked with a cross by the Examiner. The Examiner wiU not mark less than 10, The 
leritmg should be dear, and the spelling should not be disregarded. 

23. Declination. 

24. Polar Distanoe. 

25. Bight Anoenfiion. 

26. Dip or Depression of the Horizon. 



I. 


The Equator. 


2. 


The Poles. 


3* 


A Meridian. 


4- 


The Ecliptic. 


5. 


The Tropics. 


6. 


Latitude. 


7. 


Parallels of Latitude. 


8. 


Longitude. 


9- 


The Visible Horizon. 


10. 


The Sensible Horizon. 


11. 


The Bational Horizon. 


13. 


Artificial Horizon and its use. 


13- 


True course of a Ship. 


14. 


Magnetic Course. 


*5- 


Compass Course. 


16. 


Variation of the Compass. 


17. 


Deviation of the Compass. 


18. 


The Error of the Compass. 


*9- 


Lee Way. 


20. 


Meridian Altitude of a Celestial 




Object. 


21. 


Azimuth. 


a*. 


Amplitude, 



»7. 


Befraction. 




28. 


Parallax. 




29. 


Semi-diameter. 




30. 


Augmentation of Moon's 


Semi-diameter. 


31. 


Observed Altitude. 




3*« 


Apparent Altitude. 




33- 


True Altitude. 




>. 34. 


Zenith Distance. 




35. 


Vertical Circles. 




36. 


Prime Vertical. 




37- 


Civil Time. 




38. 


Astronomical Time. 




39- 


Sidereal Time. 




40. 


Mean Time. 




41. 


Apparent Time. 




iestial 42. 


Equation of Time. 




43- 


Hour Angle of a Celestial Object 


44- 


Complement of an Arc or 


Angle. 


45- 


Supplement of Ditto. 




B.- referred to 


in Circular* 





Deviation of the Compass. 

The Candidate is to answer correctly at least eight of such of the following questions as are 
marked irith a cross by the Examiner. The Examiner wiU not mark less than- 12. 

1." What do you mean by Deviation of the Compass P 

2. How do you determine the deviation («) when in port, and (I) when at sea P 

3. Having determined the deviation with the Ship's head on the various points of the 
Compass, how do you know when it is Easterly and when Westerly P 

4. Why is it necessary in order to asoertain the deviations, to bring the Ship's head in 
more than one direction P 

5. For accuracy, what is the least number of points to which the Ship's head should be 
brought? 

6. How would you find the deviation when sailing along a well known ooast P 

7. In the following table give the correct magnetic bearing of the distant object, and 
tfaenoe the deviation : — 



Ship's Head 

by Standard 

Compass. 


Bearing of 

distant object 

by Standard 

Compass, 


Deviation 
required. 


Ship's Head 

by Standard 

Compass. 


Bearing of 
distant object 
by Standard 

Compass. 


Deviation 
required. 


North. 
N.E. 
East 
S.E. 






South. 
8.W. 
West. 
N.W. 
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8. With the deviation as above, givs the courses you would steer by the Standard 
Compass to make the following courses, correct magnetic. 

9. Supposing you have steered the following courses by the Standard Compass, find the 

letic courses made from tho above deviation table. 

have taken the following bearings of two distant objects by your Standard 

above ; with 'the Ship's head at , find the bearinga, correct 

e some suitable objects by which you could readily obtain the deviation of the 
en sailing along the coasts of the English Channel 

on expect the deviation to change ; if so, state under what circumstances F 
often is it advisable to test the accuracy of your table of deviations t 
1 briefly what you have chiefly to guard against in selecting a position for the 

compasses of iron Ships are more or less affected by what is termed the heeling 
hat courses does this error vanish, and on what courses is it the greatest ? 
1 to which aide of the ahip, in the majority of cases, is the North point of the 
iwn in the Northern hemisphere ; and what effect has it on the assumed position 
vhon she is steering on Northerly, and also on Southerly courses f 
effect being as you state, on what courses would you keep away, and on what 
Id yon keep closer to the wind, in order to make good a given Compass course F 
the same role hold good in both hemispheres with regard to the heeling error F 

1M1NATIONS OF EXTRA MASTERS, &c. : MINOR 

ALTERATIONS IN EXAMINATION PAPERS. 
mderstaading appears to exist as to the extent of the examination in Compass 
hich candidates for Extra Masters' Certificates will ba required to pass, ExamU 
9 Syllabus hitherto voluntary, became compulsory, bo tar as Oandidates for Extra 
tificates were concerned, on the 1st January last. 

a announced that, in addition to the questions contained in the afore-mentioned 
ly would, after the 1st March, 18 ja, be required to answer the whole of the 
luestiona headed "Deviation of the Compass" on the revised Form Exn. 7. 
her consideration, these regulations have been slightly modified. Candidates 
aster's Certificates will still be examined in the whole of the Syllabus, but it 
dent if they answer two-third* of the questions to the satisfaction of the Exami- 
&y will war be required to answer the elementary questions on Era. 7, 
er or Hate who wishes to pass a voluntary examination in the Syllabus, can at 
examined upon payment to the Superintendent of the Mercantile Marine Offioe 
fee of two pounds. If the Candidate passes the examination successfully, an 
; to that effect will be duly made upon the Master's or Mate's Certificate held by 
fail to pass, the fee will not be returned. 

an to the alterations announced, the following minor alterations in the 
1 Papers of Masters and Mates came into effect after the ist of March, 1871 : — 
•k. — (Em. 4, No. 3.) The Deviation of the Compass will be given for the 
courses in this problem, which latter will therefore require to be corrected for 

failing. — (Sap.. 4, No. 6.) This will in future be required from all candidate* 

md Mate's Certificates. 

and Azimuth. — (Exn. j, No. 1, and Era, 6, No. t.) From the errors of the 
s as found by these problems, and the Variation which will be given, the 
ttes will be required to find the deviation of the Compass for the position or 
a of the ship's head at the time the observations were taken. 
by Chronometer. — (Exn. 5, No. j.) In this problem the rate of the Chronometer 

be given as heretofore, but the Candidate will be required to rind the rate from 
an errors on different dates, 

THOMAS GRAY. 
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NOTIOE OF ALTERATIONS IN THE EXAMINATIONS OF 

MASTERS AND MATES. 



On and after the ist January, 1874, candidates will be required to give written answers 
to the questions on navigation contained in Lists A. and B., as follows, and to the question 
marked G. which has been added to the paper on compass deviation. 

THOMAS GRAY. 



Lid A. 

Adjustments of thb Sbxtakt. 

The applicant will answer in writing, on a sheet of paper which will be given him by the 
Examiner, all the following questions, numbering his answers with the numbers 
corresponding to the questions : — 
Question* 

1. What is the first adjustment of the sextant ? 

2. How do you make that adjustment P 

3. What is the second adjustment P 

4. Describe how you make that adjustment P 

5. What is the third adjustment P 

6. How would you make the third adjustment P 

7. In the absence of a screw how would you proceed P 

8. How would you find the index error by the horizon P 

9. How is it to be applied P 

10. Place the index at error of minutes to be added, clamp it, and leave it. 

(Notb. — The examiner will see that it is correct.) 

11. The examiner will then place the zero of the vernier on the arc, not near any of the 

marked divisions, and the candidate will read it. 

Note. — In all cases the applicants will name or otherwise point out the screws 
used in the various adjustments. 
The above complete the examination of second and only Mates. 
In addition to the above, first Mates and Masters will be required to state in writing:— 

12. How do you find the index error by the Sun P 

13. How is the same applied P 

14. What proof have you that those measurements or angles have been taken with 

tolerable accuracy P 



List B. 



Examination in Chart, 

foe applicant will be required to answer in writing, on a sheet of paper which will be given 
him by the Examiner, all the following questions according to the grade of Certificate 
ztqmred, numbering his answers with the numbers corresponding with those on the 
question paper:— 

1. A strange chart being placed before you, what should be your special care to 
determine, before you answer any questions concerning it, or attempt to make use 
of it? 

%. How do you ascertain that in our British charts P 

3* Describe how you would find the course by the chart between any two places, A and B. 



AppnprisU Ctrl&mlm. 



to lw petal* of TMwtwn at the fast- 

wiutwoold the mra» be magnetic f the true oomae being 
tmeManthedMnMbehnaBtboMtvokanroOMrtwopbUM on 



irises sH the questions on the chart that are put to first Hate* and 

ha above, the Mud nn an re quir ed to unw — 

identaud those amall numbers to indicate that yon see placed about 

the tide f 

quisites you should know in order that yon may compare the depth* 

rour lead lino on board with the depth* »"*»*—* on the chart P 



flnil the time of high water at any place, tha Admiralty tide twblfff 
land, nor any other special table* available? 

an| ihonld p>tn fWat a j LVBt fllii 4aBi not preclude the Examiner from 
lions of a practical character, or which tha local cJ l O OM C ^npB * of Qm 



on im been added to the fTTarnrTiatffTn paper on compass deviation !■*■ 

amen having a Luge error, how would you proceed to correct that 
wmpenaating magnet* and eoft iron, in order to reduoe the error 
■sable limit* F 

i) i* required to construct a deviation surra upon a Napier'i diagram 



PEOPEIATE CERTIFICATE. 



t Maater*! Oertinoate, whether of Competency or Service, ii eligible 

Ml of whatsoever tonnage, and either Certificate is sufficient for 

n House. But a condition in tho Charter-party of vessels taken up 

j conveyance of troops, stores, or emigrants, and also the Regulations 

Packet Companies, require that the Master and principal Officer shall 

Competency. 

' engage a* Mate of any kind. 

late when there U no other; or as Seoand Hate when than 1* a lint 

not appropriate for any superior station, and mutt be employed only 

Mate is also engaged. 

ipetency for a " Foreign-going Ship " is equivalent to a Certificate of 

ir a "Home Trade Passenger Ship," and entitles the holder to fill the 

Hate, as the case may be. 

etenoy or Servioo may be either of a grade appropriate to tha Station* 

I, or of any superior grade. 



A by the Kxanmnjm at the Local Marino BosmL 



>3 



Tablh A. 



EXAMINATION DAYS 



AT 



L SBjflCB 



fewa*, south* . 

farierland* • 
Plymouth* . 





BAYS. 


JLACIfl. 




I. 


For Masters and Mates. 

2. 


Assrdsen* • • • • 


First and third Friday and Saturday In each month* 


Bella* .... 


First and third Tuesday in each month. 


Bristol* .... 


Tuesday in each week. 


Ctark . 


Second and fourth Monday in each month. 


Dublin .... 


First and third Thursday in each month. 


Duudee* . 


Saturday in each week. 


Ghsgew* \ 

vTMDOOk* • / 


Thursdays and Fridays; held alternately at eaoh place. 




Second and fourth Tuesday in each month. 


leitfc* .... 


Tuesday in each week. 

* 


ftverpool* .... 


Every week— Monday and Tuesday "Foreign Trade;" 
Thursday and Friday "Home Trade Passenger" and 



"Foreign Trade." 

The examination in Navigation commences every Monday* 
and the examination in Seamanship takes place as soon as 
the Navigation examination is finished; Master's voluntary 
examination in Steam held on Friday in each week. 

Every alternate Thursday. 
Every alternate Monday. 
Tuesday in each week. 



• At these places Masters' Extra Examinations are helcU 



EXEE0I8E8 



E RULES OF ARITHMETIC 



AND MATES OP HOME TRADE PABSEKOEE SHIPS. 



0I8E8 m NOTATION AND NtTMERATION. 

i.— NOTATION. 

is the art of expressing numbers by figures or symbols, 
that purpose. 

rnity, is the name given to that quantity which is to be 
when other quantities of the same kind are to he measured. 
i the relation of a quantity to its unit ; the notion of number 
by successive repetitions of the individual unit, or number, 
rhich wo signify how many objects or things are considered, 
more. When, for instance, we speak of one ship, two 
nasts, or four yards, the number of things referred to will 
s, or four, according to the case; and so one, two, three, 
t are called numbers. 

nmon system of arithmetic all numbers, however large or 
[pressed by the following symbols or characters, called 

3 4 I 6 7 " 8 ' *9 ' o 

three, four, firs, sii, seven, eight, nine, nought. 

these are called tignifiemt figwt* or digit** and sometimes 
sometimes tens, hundreds, or higher classes. When placed 
te the simple numbers subjoined to the characters ; where 
1 together the first figure on the right is taken for its simple 
or figure standing in the second place, expresses ten times 
or signifies so many tens; thus 94. expresses ten times nine 
dth four units more ; the third, or figure standing in the 
:essea one hundred times its simple value, or signifies so 
thus 943 expresses one hundred times nine units, together 
en units, and also three units more, and so on by a ten-fold 
1 additional figure that follows it. The value which thus 
re in consequence of its position or place is called its heed 

;Iy throw light on the origin of things. It is interacting to notice that 
iinly significant of the oarly rude method of counting on ikajingm ; 
tlculalion aa plainly refers to the primitiTO practice of reckoning with 
bUe). 
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wrfue. Therefore, all numbers have a simple or intrinsic value, and also a local 
value. 

5. It appears, then, that in common arithmetic we proceed towards the 
left from units to tens of units, from tens of units to tens of tens of units, or 
hundreds of units, from hundreds of units to tens of hundreds of units or 
thousands of units ; from thousands of units to tens of thousands of units ; 
from tens of thousands of units to tens of tens of thousands of units, that is 
to hundreds of thousands of units, thence to tens of hundreds of thousands of 
units, or millions of units, thence to tens of millions of units, hundreds of 
millions of units, &c, till we come to millions of millions of units, which are 
called billions of units, and so on to trillions, quadrillions, &c* 

The actual scale is as follows :— 

Units a single one being written as .....••.. 1 

Tens.... ............. • • 10 

Hundreds .....,.........••• . • ...•••...... 100 

Thousands 1,000 

Tens of Thousands ... 3 • , • 10,000 

Hundreds of Thousands • • . • 100,000 

Millions • .••••...•••....•.••••••••........•••...• 1,000,000 

Tens of Millions • ••....••..•••...... 10,000,000 

Hundreds of Millions ........ • » • 100,000,000 

Thousands of Millions .!..••• 1,000,000,000 

Tens of Thousands of Millions ..*....••......•.....•••...... ••• 10,000,000,000 

Hundreds of Thousands of Millions *• 100,000,000,000 

Billions ••• • • . • • 1,000,000,000,000 

6. When any of the denominators, units, tens, hundreds, &c, is wanting, 
it becomes necessary to supply its place with the last sign or character, viz., 
0, which is termed cypher, or nothing — the word cypher in the Arabic signi- 
fying vacuity. This character, which indicates the absence of all number, is 
a most important one, inasmuch as its introduction serves to preserve the 
proper position of the significant figure, thus the number forty thousand three 
hundred and twenty would be expressed in figures by 40320, because the 
denominations units and thousands are wanting, and the absence of each is 
indicated by the cypher which occupies its place. 

ETJLE I. 

To write in figures a number expressed in words.— Write down a row of 
noughts, or cyphers, and, as if these blanks were numbers, mark off the periods 
by cutting off the last three, then the next three, then the next, and so on; then 

• It is worth while to remark that as regards billions there is a difference between the 
French and English practice ; in French, a billion (or milliard) is one thousand million, in 
English a billion is a million of millions, and accordingly the word is seldom used in our 
language, for such large numbers are rarely of any practical use. 

The old books use a scale of numbers of this kind — 
A million of millions is a billion, 
A million of billions is a trillion, 
and so forth ; but these names are never used in practice, and can hardly be said to belong 
to the language of arithmetic or to English speech. It may be worth a passing notice, too, 
that no distinct ideas are conveyed by any of these terms ; beyond a very moderate extent 
our notions of the value of numbers become confused. The number of ones in a million even, 
fe hard to conceive ; it is a thousand thousand, and would take more than twenty -three days 
to count through, kept at it for twelve hours a day, and counted one every seoond. 
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! the first cypher on the left, put under each the proper figure mi the 
ittd, taking care that it be in it* proper plate ; if any vacancies 
the corresponding cyphers, fiU them up with noughts. 
t be required to put into figures the number fire hundred and 
eighty-two thousand and thirty-five. "We know the plaoe of 
millions has six places to the right of it, we therefore pat a 
nought for the millions, and write six noughts after it, and, as 
we see, from hundreds being the leading word in the written 
hat the first period will be a complete period, we prefix two 
e. The requisite number of noughts, divided aa proposed, is as 
a, and under them we now hare to write, in their proper places, 
, 4, 8, i, 3, 5, and then £11 up the gaps with noughts; we thus 
ber, when written, to be 504,081,035. 

Ex. 3. Express in figures, sixty-seven 
million, eight hundred thousand, five hun- 
dred and sue 

00,000,000 

Ex. 4. Express in Agues, five hundred 
and twenty millions, three thousand and 
eleven. 



19" in figured, ei _ 

, seven hundred and two. 

».Wf7< 



510,003,011 
BxjUtBm foe Pbaotioh. 
.e following numbers in Figures :— 
«; eighty-one; ninety-nine; forty; thirteen. 

Ired; three hundred and three; five hundred and n inety -eight ; eight 
ad and eighty-eight. 

isand; one thousand, seven hundred and eighty-three; six thousand and 
-three ; seven thousand, nine hundred and thirty ; nine thousand and nine. 
iven thousand, five hundred and four ; eighty-nine thousand and sixty -four ; 
-three thousand. 

red thousand; six hundred and seventy-six thousand and fifty ; six hundred 
ree thousand, two hundred and forty. 

lousand, six hundred ; ninety thousand and ninety-two ; two hundred and 
lonsand, six hundred and forty-one; eight hundred thousand and eight 
id. 

ion, six thousand and four; five million, thirty thousand and forty ; seven 
n, seven hundred thousand and six ; ten million, ten thousand and ten. 
lion, three thousand ; eleven million, one hundred and eight thousand, one 
ad and six; fifty-four million, fifty-four thousand and eighty eight; six 
yl and thirteen million, twenty thousand, three hundred and three. 
lillion, seven hundred and four thousand, and thirty-two ; forty-five million, 
hundred and eighty-seven thousand, and twenty-five ; three hundred and 
line million, four thousand and sixty-five; one hundred million, ten thou- 
ndone. 

ldred and forty-two million, two hundred and forty-eight thousand, four 
ad and eighty-four; nine hundred and nine millio n, nine thousand and 
-nine; two hundred and twenty-two million, and forty; three hundred and 
illion, forty thousand and eight. 

ldred million, seven hundred thousand and seven hundred; two hundred 
ro million, two hundred and two thousand, two hundred; nine hundred 
1, and nine hundred; one hundred millien, teu thousand and one. 
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a.— NUMERATION. 

7. Numeration is generally applied to the converse process of expressing 
in words a number which is already expressed in symbols. 

8. To express in words the numbers denoted by a line of figures. 

RULE II. 

i°. Divide them into periods of three figures each, beginning at the right hand. 

2 . Then, commencing at the left hand, read the figures of each period in the 

seme manner as those of the right hand period are read, and at the end of each 

period pronounce the name. 

Nora. — A glance at the numeration table shows that the leading figure of eaoh set is 
hmdreds of something; that of the first set, on the right, is hundreds of units, or simply 
hundreds; that of the next set, hundreds of thousands; that of the next set, hundreds of 
wullums, and so on. And by thus finding out the local value of the leading figure in eaoh 
period, the number may be read with ease. When any of the figures is o, a little extra 
care is, however, necessary. 

Examples. 

Ex. 1. Express in words 68547329. 

millions, thousands, units. 
The number 68547329, when divided into periods as proposed, is 68, 547, 329, 

pointing to the 3 yon say hundreds, and passing to the 5 you say hundreds of thousands; the 

incomplete period 68, must, therefore, be 68 millions; and the entire number 68 millions, 

547 thousand, 329, or expressing the whole in words it is, sixty-eight million, five hundred 

sad forty-seven thousand, three hundred and twenty-nine. 

Ex. 2. Express in words 460305007. 

millions, thousands, units. 
The number 460305007 being divided into periods is 460, 305, 007, and is read, 

four hundred and sixty millions, three hundred and five thousand and seven. 

Ex. 3. Express in words 999999999* 

millions, thousand, units. 
Divided into periods this is 999, 999, 999, and is read, nine hundred and ninety- 
nine million, nine hundred and ninety-nine thousand, nine hundred and ninety-nine, 

Ex. 4. Express in words 561 234826479365. 

billions, thousand, millions, thousand, units. 
561, 234, 826, 479, 365 

and is read, five hundred and. sixty-one billions, two hundred and thirty-four thousand 
eight hundred and twenty-six million, four hundred and seventy-nine thousand three 
hundred and sixty-five. 

Examples fob Practice. 



Express in words :— 



1. 
2. 

3- 
4. 

5. 
6. 

7. 

8. 



43 
60 

88 
97 

59 
12 

21 

*9 



9- 
10. 

11. 

12. 

*3- 
14. 

*5- 
16. 



123 

407 
500 

999 

738 

837 
2760 

5080 



17- 
18. 

19. 

20. 

21. 

22. 

*3- 
24. 



7036 
2000 

3003 

5505 

37654 
87078 

37°03 
63090 



*5- 
26. 

27. 

28. 

a 9- 
30. 

3i- 
3*- 



690006 

8047328 

4090300 

5210007 

6030405 

560075 

3000006 

1397475 



33. 20084216 

34. 5001860 

35. 8080808 ' 

36. 55700005 

37. 76014059 

38. 6006606 

39. 56700505 

40. 120015015 



41. 202202200 

42. iooiooror 

43. 275008005 

44- 20084216 

45- 79030184 
46. 408076032 
47- 401400056 
48. 908500060 



ADDITION. 

9. The process of finding a number which shall be equal to the sum of 
two or more numbers is called addition. The number found, or the answer 
is called the sum, and numbers which are added are called addends, 



in the Simple Rules of Arithmetic. 



It ia DAnal in the applications of Arithmetic to express the operation of Addition by tigm 
invented for the purpose : thus, the sum of 4 and 5 is expressed in the form 4 -f- 5 = ; 9. 
wherein the sign -(- between 4 and 5 denotes the addition of the latter number to the 
former, and is read plug or more by ; and tho sign = between j and 9 expresses the result of 
inch addition to be 9, or the /quality between the turn of the numbers 4 and 5, and the 
number 9 ; so that the arithmetical txprtavm 4 -|- 5 = 9 is r<aJ 4 pfct 5 eq-mU 9. Similar, 
» + 3 4- 7 = •*! shown tho sum of the three numbers a, 3, 7, to be 11. 

10. The rule for simple addition is as follows: — 

RULE m. 

Write the number * to be added together in vertical column* 10 that the unite of 
all the numben may he in one column, the tent in the second, the hundred* in the 
third, and to on. Draw a line under the last number, and beginning with the 
column of unite add mtcceisivtly the numbers contained in each column; if the sum 
doe* not exceed nine, write it down under the line, but if it contains tens reserve 
them to be added to the nest column, writing down only the units of each column, 
and under the last column put the entire sum, whatever it may he. If the sum. of 
any column be an exact number of tens, write o for the unit* and carry the tent 
to the next column. 

Example. 
Ex. 1. Let it be required to find the sum of 16389, 38127, 2B15, 490, 15 and 3745. 
Write the numbers as at the side, so that the figures of the same class shall he 36389 
in tho same vertical column; then taking the sum of each class, wa find there are 3* "7 
38 units, 17 tens, 31 hundreds, 15 thousands, and 5 tens of thousands. Now 38 "'5 

3 tens and S units, then writing 8 below the units column, carry the 3 **_ 

he 17 tens, which together make 30 tens, or 3 hundreds and o tana. 3745 

below the column of tens and reserve the 3 hundreds to be added to the . 

eds; this gives 34 hundreds, or three thousands and 4 hundreds, and 78408 
. below the column of hundreds, carry the 3 thousands to tho 25 thousands, and we 
lousanda, or two tens of thousands and 8 thousands. Writing the 8 below tho 
f thousands, carry the 1 tens of thousands, making the entire snm = 7S408. 

Verification of Addition. — The usual verification is to add both 
a and downwards and see if tho sums agree. This is generally 
it. If more is required, or if the student cannot get a long column to 
, same way both up and down, he oan cut it up and add each portion 
aly ; then add the sums. 

EXERCISES IN SIMPLE ADDITION. 



w 


(3) 


(4) 


(5) 


(6) 


(7) 


W 


543' *3 


S36'=3 


'=3456 


761284 


657890 


692387 


876578 


J345" 


453"5 


234561 


612874 


.78679 


4956 


491 


7'3'45 


1134 


345*" 


8719 


579» 


87658 


54939 


104134 


4^3' 


456223 


46759 


67843 


769378 


35M8 


36141 


5'i34 


56 r 334 


5*7 <m 


4SS;d7 


579° 


345' 


6i3 ! 54 


61234; 


9 £7678 


37429 


S7958 


768453 


(.0) 


(11) 


(.1) 


(13) 


('4) 


(■5) 


(16) 


S46914 


5.6398 


4=5 3!>6 


567453 


169964 


■45673 


197794 


4'53=7 


854627 


674958 


654359 


435434 


366535 


543543 


7 1 34)6 


7 35^9 


S27694 


51>7'«) 


7443' 5 


679654 


765976 




9">.!5* 


7Ji=-J5 


7*5+13 


476757 


341345 


4.516' 


3=*427 


827146 


556677 


14-954 


496059 


569765 


954' 3i 


736259 


6332S9 


88990c. 


6456-9 


69.5969 


694313 


643167 
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'9 



(17) 


(18) 


('9) 


(20) 


(21) 


(22) 


(23) 


(24) 


987825 


916427 


695024 


986257 


985626 


372519 


586372 


H8537 


73 6 349 


625736 


538426 


427385 


796842 


463726 


477754 


697296 


8569*5 


• 346831 


827836 


514986 


9^638 


298534 


638831 


526438 


7343i6 


857936 


735985 


726326 


809274 


851372 


951490 


723649 


827843 


735784 


216515 


915827 


444444 


319628 


479291 


859698 


936736 


426467 


859827 


734482 


9 X 3 2 5 8 


738543 


863748 


852619 


842625 


8 49753 


910756 


386912 


872364 


497791 


376546 


419648 


7595 '9 


358358 


683625 


219863 


410698 


345345 


356633 


777777 


M3 2 5 


647846 


745841 


39 I2g 5 


742367 


679567 


459681 


999999 


987846 


386921 


526606 


842163 


946208 


161514 


453 '48 


SS5SS5 


333445 


666777 


888999 


615827 


807609 


I3I549 


567963 


724483 


335445 


666777 


888999 


736846 


915827 


761346 


3 1 3499 


952637 



25. Add together the addends (1) under exercises (1), (9), and (17} ; (2) under (2), (10), and 

(18) ; (3) under (3), (n), and (19) ; (4) under (4), (12), and (20) ; (5) under (5), (13), 
and (21) ; (6) under (6), (14), and (22) ; (7) under (7), (15), and (23) ; and (8) under 
(8), (16), and (24). 

26. Add together three hundred and nine million! four hundred and seventeen thousand, 

and eighty-seven; six hundred and seventy-five thousand, and forty-nine; seven 
thousand and ninety-seven million, eight hundred and fourteen thousand, three 
hundred and five ; seventy-nine million, five hundred and four thousand, and forty- 
nine; six thousand and seventy-eight million, four hundred and thirty-nine thousand, 
six hundred and forty-seven ; seven thousand million, eight hundred and seventy-six 
thousand, four hundred and twenty-nine. 



SUBTEAOTION. 

12. The process of finding a number which shall be equal to the 
difference of two numbers is called subtraction. It is customary to call the 
quantity from which the subtraction is made, the minuend ; the quantity to be 
subtracted, the subtrahend; and the result of the subtraction, the difference. 
Thus, then, we have, minuend — subtrahend = difference. 

We may also write this as, 

minuend = subtrahend + difference, 
which shows the connection between subtraction and addition. 

The operation of Subtraction is indicated or expressed by the sign — , which is read 
*ww* or less by, with the use of the sign = ; thus, the excess of 7 above 3 will be expressed 
in the form 7 — 3 = 4, which is read 7 minus 3 equals 4 ; where the sign — between 7 and 
3 denotes the subtraction of the latter from the former, and the sign = between 3 and 4 
shows the equality of the excess to 4. 

23. The rule for simple subtraction is as follows : — 

EXJLE IV. 

1*. Put the smaller number under the greater, taking care, as in addition, thai 
umts shall be under units, tens under tens, hundreds under hundreds, and so on. 

2 . Then, beginning at the units, subtract each figure in the lower row from the 
figure above it, if the lower figure be not the greater of the two, and put the 
remainder underneath. (See the operation in Ex. 1). 

3°. But if you come to a lower figure which is greater than the figure above it, 
odd jo to the upper figure and then subtract, putting down the remainder as before, 
tod taking care to carry 1 to the next figure of the lower row. (See Ex. 2). 



L 



Extreiw in tht Smjtl* £uk» of Arit?unetic. 



Ex. i. Let it be required to subtract 1938.$ 
from 86947 ; then placing the former number 
under the latter (as in the margin) we proceed 
thus: 5 £101117 and 1 remains j 8 from (not 4) but 
14 and 6 remains, carry 1 ; 4 from 9 and j remains ; 9 from 16 and 7 
from 8 and 5 remains. 



Hem. j 75 61 



. In the preceding example wo sea that 8 cannot be taken from the figure abovo it, becausa 
this ii only 4, we therefore add 10 to the 4, converting it into 14; but the adding io to any 
figure ia simply putting 1 before it, that is, it ia adding 1 to the preceding figure, which t, by 
carrying it to the next lower or subtractive figure, ia taken away again at the next step. 
In like manner, the 6 in the upper row is converted into 16, and the 1 thus prefixed to it ia 
afterwards token away, by 1 being carried to the next lower figure, and 3 subtracted instead 
of 1. It is plain that in subtraction the carrying can never amount to more than 1. 

Ex. 3. As another example, let 84015506 be From 130741394 

subtracted from 1 30741 394, then, having arranged Subfc 84015506 

the numbers, as in tie margin, we proceed thus, 

6 from 14, 8, carry 1 ; 1 from 9, 8; 5 from 13, 8, B8m - 46715888 

carry 1 ; 6 from 11, 5, carry 1 . 3 from 4,1; o from 7, 7 ; 4 front io, 6, carry 1 ; 9 from 

13,4; therefore the remainderis 46715888. 

cation of Subtraction. — The best verification is to add the 
ad difference. This ought to give back the minuend, or original 
l which the subtraction was made. 

EXERCISES IN SIMPLE SUBTRACTION. 

) 0) U) (S) (6) (7) <8> 

So 1 980001 600501 701001 60 tool 501 oor 601004 
>6i 980000 600491 16000 46003 20106 1100$ 

(») (") ('3) (14) (<5> ('0 

MO 4O3OOO 393436 311188 34J876 I06OII 113456 

129 16001 119050 113788 "3457 4W°S °S4J» 

(18) {19) (10) (11) 

3641364131 7631016341 3461364184 13476111861 
1184118417 5614736794 169S76S796 17467127437 

(»3) <*4) dj) l*Q 

347986311101 7987641061 101100110110 479863117806 

169887360189 486418461 10011101011 141816414861 

[18) (19) f«) 

9 10100011101011 378119361111 1170106851156158 

1 toitiooitotio 14686761411 1 1 96398779120936 

rtrahend 12 times from its minuend in the following example*:— 

(I"). (33) <J+) (35) (30 

6677198 7"354J 43"579 6001109 8100630 
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37. Take two thousand and nine from ten thousand and ninety-six ; three thousand and 

eight from seven thousand nine hundred and forty-four. 

38. From three hundred and two thousand four hundred and sixty-seven take ninety- 

four thousand six hundred and eighty-one. 

39. Take seventy-eight thousand four hundred and one from one hundred and thirty 

thousand. 
4a Find the difference between two hundred and eighteen and one million one hundred. 

41. The minuend is one hundred million one hundred and one thousand and ten, and 

the subtrahend is seventy million seven thousand and seven : find the remainder. 

42. The population of Russia is about 67,500,000, that of France 37)050,671 ; how many 

more people in Kussia than in France ? 



MXJLTIPLIOATION. 

i$. Multiplication is the finding the amount of a number repeated any 
number of times. The number which is repeated is called the multiplicand, 
the number denoting the repetitions is called the multiplier, and the amount 
the product. 

Multiplier x Multiplicand = Product. Multiplicand x Multiplier = 
Product. 

The multiplicand and multiplier are termed the factors of the product, 
because they are factors or makers of the product. 

The operation of Multiplication is expressed by the sign X, which is read into, or 
m dtipliid by; thus, 5 X 7 = 35 denotes the result of the multiplication of 5 by 7 to be 35 ; 
so again, 4X^X13 = 260 expresses the continued product of 4, 5, and 13. 

Let it be required to multiply 739 by the single figure 8. 

Since the product of 739 by 8 is evidently equal to the sum of the products of all its parts, 

we here the following operation : — 

Ihopeaada. Hundreds. Tens. Units. 

0739 



2 
6 



7 

4 



739 
8 



7* 
240 

5600 



product of 9 by 8 
30 „ 8 
700 „ 8 



n 



99 



5 9 * * 59" = m n 739 » * 

In practice, the partial products, 72, 240, and 5600, are not written down, but combined 
mentally into one sum : thus we say 8 times 9 are 72, write down 2 and reserve the 739 
7 tens; then 8 times 3 are 24, and the reserved 7 added thereto gives 31, write 8 

down 1 and carry 3 to the sum of 7 by 8, or to 56 hundreds, and the entire number *"""' 
ofhundreds is 59, the whole product being 5912. ^9 ia 

16. When the multiplier is not greater than 12. 

EULE V. 

ISU the multiplier under the multiplicand, units under unite, and multiply 
each figure of the multiplicand, commencing at the unit's figure by the multiplier. 
Set down the right-hand figure only of the product, when it is a number of more 
than one figure, and carry as in addition. 

The following worked like the above example require no further explanation* 

73826 907314 s 531462 

8 9 12 



590608 



8x658178 



6377544 



Exerci*** in the Simple JRttlei of Arithmetic. 

hen the multiplier is greater than 1 2, we proceed as follows : — 

RULE VI. 
ice the multiplier under the multiplicand to that the unite of the former 
ler those of the latter, the tens under the tens, <S*e. 
•its doten the product 0/ the whole multiplicand by the unit's digit of 
ilier. In lite manner write doten the product of the multiplicand by 
e remaining figure* of the multiplier, observing to place the unit of 
in the column under the figure of the multiplier from which it came. 
the multiplicand contain a cypher, treat it at if it were a number, 
that 0X1=0, 0X2 = 0, and to on. 

one or more of the figures of the multiplier he o, the corresponding 
oduct, or products, will be o, cyphers, and the line* may be entirely 
recollecting to give it* proper value to the product arieing from 
ig by the next figure. 

m add all thete partial product* together, and their sum will be the 
luct of the two factor*. 
re, an example will explain this rule. 

«t it be to multiply 47S6 by 1783. That is, to take 4786 178] times, and add 
{ether ; or, to take it 1000 times, 700 times, 80 times, and 3 times, and add the 
i, by 700, by So, and by 3 times, and add the 

Ordinary form. 

♦786 X 3 = '43i»W 4786 

4786 X 80= S»*MOI« 1783 

4786 X 700=3350100^ 

4786 X 1000 = 9571000 ,4358 unite" product. 

38188 tena' „ 

1 of all these is '3319438 the product required. 33501 hundreds' „ 

957 a thousands' „ 

13319438 complete „ 
multiply 4786 by 3 (a) ; then by 8, annexing a cypher to the right of the 
next by 7, annexing two cyphers to the product [e) ; and, lastly, by 1, annsxiBg 

inary method of performing the operation be compared with the detailed process 
it will he seen that in practice the cyphers on the right may be omitted, 
e be taken that the first significant figure of each partial product is made to 
roper place, it., directly wider the multiplying figure which supplies tHl product, 
[ultiply 7680416 by 500403. 

7680416 
500403 



23041278= 3 a 

30721704 = 400 
38401130 =500000 



3843308111678 = 500403 „ 

first figure (3) of the first partial product is set below the figure 3 in the 
le first figure (4) of the second partial product below 4, the multiplying figure, 
figure (o) of the third partial product is placed directly under 5, the multiplying 
is example illustrates Kulo VI, 1", (a) and (b). 
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18. Any number is multiplied by 10 by annexing one cypher, by 100 by 
annexing two cyphers, by 10000 by annexing three cyphers, &c. ; e.g., £5X10 
= 850, for, by annexing the cypher, the 5 unite have become 5 tens, and the 
8 tens haye become 8 hundreds, i.e., the several parts of the multiplicand have 
each received a tenfold increase, and, therefore, the whole number has been 
multiplied by 10. Again, 2376 x 100 = 237600, where the value of each 
figure is increased a hundred times by writing to the right of the multiplicand 
as many cyphers as there are in the multiplier. 

(a) When the significant figure of the multiplier is not a unit, as for 
example 30, 400, or 700. Since these multipliers are the same, as 10 468 
times 3, 100 times 4, or 1000 times 7 ; the multiplicand is first multi- 7 °° 
plied by the significant figure 3, 4, or 7, (by Eule V), afterwards the 327600 
product is multiplied by 10, 100, or 1000 (as in Art. 18) by writing one, two 
or three cyphers to the right of the product. Thus to multiply 468 by 700, 
we have the operation in the margin. 

19. Hence, if the multiplier to any proposed multiplicand consists of any 
one or more of the nine digits, followed by a cypher, or any number of 
cyphers, then multiply according to the following 

rule vn. 

i°. Place the multiplier under the multiplicand, so that the significant figure 
of the multiplier shall stand under the unit's figure of the multiplicand, and 
multiply the successive figures of the multiplicand by the significant figure of 
the multiplier, according to Rule VI. 

2 . Then, to the product thus obtained, place to the right the same number 
of cyphers as are contained in the multiplier. 

Example. 

Multiply 123456789 by 80 and 800000. 

Multiplicand 123456789 
Multiplier 80 

Product 9876543120 

Multiplicand 1 2 34567 89 
Multiplier 800000 

Product 98765431200000 

In the first of these examples we multiply first by 8, according to Rule VI, then annex 
(i.e.,jom to) to the product one cypher, because the multiplier contains one cypher, in order 
to preserve the product in its proper place, as the product of 8 tens. In the second example 
the same rule is followed, but five cyphers are annexed, because the multiplier contains Jive 
cyphers, in order to preserve the product in its proper place as 9 hundred of thousands. 

20. If the multiplier or multiplicand, or both, end with cyphers, we may 
omit them in the working, and proceed according to the following 

eule vm. 

Multiply the significant figures of the factors, as directed in Eule V. Then, to 
the product, affix as many cyphers as have been omitted from the end of the 
multiplier or multiplicand, or both. 

The principle of this annexation has. been already explained (No. 18). 
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Examples. 

Thus, if 263 bo multiplied by 6100, 570 be multiplied by 3200, and 4076800 by 307000. 

(1) W (3) 

263 570 4076800 

6200 3200 307000 

526 114 285376 

1578 171 1*2304 



1630600 1824000 1251577600000 

The reason is clear : for in the first case, when we multiply by 2, we, in fact, multiply by 
200 ; and 3 multiplied by 200, gives 600. In the second case, the 7 multiplied by 2 is the" 
same as 70 multiplied by 200 ; and 70 multiplied by 200 gives 14000. In the third the 
produot of the significant figures is 40768 X 307 = 125 15776, to this ./ft* cyphers must be 
annexed, because 100 X 1000 = 1 00000; and 12515776 X 1 00000 = 1 251577600000. 

21. It is sometimes advantageous to split up a multiplier which is the pro- 
duct of two or more numbers, and multiply by its factors ; thus, if we have to 
multiply by 36, it is easier to multiply in this case by 6 and 6 (6 X 6 = 36), 
or by 4 and 9 (4 x 9 = 36), than to multiply by long multiplication, that 
is, by 3 tens and 6. In any case we have two rows of multiplication, but in 
the last case we have an addition into the bargain. 

Example. 

Multiply 57894362 by 48. 

Here, 6 X 8 = 48 ; or, 4 X 12 = 48, then, 

57894362 
6 



3473 66l 72 
8 

2778929376 

22. Verification of Multiplication. — I. By casting out nines. — Add to- 
gether the figures of the multiplicand, multiplier, and product separately, not 
counting any 9 that may occur, rejecting also 9 whenever, in adding up, the 
sum amounts to 9 or more; note each result. Multiply the first two 
remainders, i.e. f the remainder arising from casting out nines in the multipli- 
cand and multiplier, retaining, as before, only what is left after the rejection 
of all the nines from this product, if the sum of the digits exceed nine ; then, 
if the remainder which thus arises is the same as that from the produot of 
the two factors, the operation is likely to be correct, unless there be some 
compensation of errors, or some figure misplaced.* Thus, in the annexed 
example, we say (omitting the 9) 3 and 7 are 10 ; then Multiply 90376.... 7 

1 and 6 are 7, which write down. Again, 2 and 8 are 10 ; 3 • • • »4 

then 1 and 3 are 4, which is also put down near the 271 128 

multiplier. Lastly, the product of 4 and 7 are 28, and 723008 

2 and 8 are 10, which is 1 above 9. Write, then, 1 near ' ° 7 ^ ao 

the product, and cast the nines out of the product thus, 188253208.. ..1 

1 and 8 are 9 ; 8 and 2 are 10 ; 1 and 5 are 6 and 3 are 9 ; 2 and 8 are 10, 
which being 1 above 9 shows that the operation most probably is correct. 

* It is plain, that if any of the figures in the product were made to exchange place*, the 
agreement of the third and fourth results would remain, though the produot would be 
wrong ; as would also be the case if one figure were increased and another diminished by the 
same number ; all, therefore, that we can safely infer is, that the agreement spoken of must 
£ave place if the work be correct, so that if it fail, the work is wrong. 
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The truth of all results in multiplication may be proved by using the 
multiplicand as multiplier, and the multiplier as multiplicand ; if the product 
thus obtained be the same as the product found at first, the results are in all 
probability true. 
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i. 342647896 X 2 

2. 654321987 X 3 

3» 376543I9 8 * 4 

4- 379^578a X 5 

13. 587*6341 X 23 

'4- 78954*36 X 34 

»5- 98765*40 X 57 

16. 93876129 X 95 

25. 50014000 X *7° 

26. 78965430 X 7<x> 

27. 43679854 X 806 

28. 67869578 X 9°3 

29. 23589647 X 678 

30. 86483279 X 567 



5. 91823740526 X 6 9. 

6. 6521734782 X 7 IO - 

7. 485868788 X 8 11. 

8. 573241789 X 9 12. 

'7- 5832764985 X 4689 21. 

18. 735865000 X 30700 22. 

19. 958866 X 804002 23. 

20. 31622777 X 6324553 24. 

31. 378421896 X 59*8578 37- 

32. 58640987 X 98067 38. 

33. 5906408 X 90064 39. 

34. 6437063 X 5006701 40. 

35. 3892639* X 7.7 4i- 

36. 29362983 X 84 42. 



9876543* 1 X 10 

891237654 X 11 

647853*9 I X 12 
918273654 X 12 

68573* X 15 
903421 X 18 
356628 X 36 

838777 X 48 

777838 X 49 
43456o X 56 
735846 X 64 
279819 X 7* 
356718 X 81 

817938 X 96 



43- 586371829 X 6738579 

44. 95400621 X 70030401 

45- 948375628 X 8764853 

46. 987654321 X 123456789 

47. 477«i3 X 602059999 



48. 98763210 X 64038040 

49. 49864023 X 708600470 

50. 275361328 X 746*170 

51. 543*149 X 8705040950 

52. 30001000300 X 400100020000 



53. 2793 X 812358 X 857 

54. 744615 X 4*7*8*IX 15905 

SS- 7084*1 X 930937 X 46176* X 97*744 

56. ioioioi X 999999 X mini X 9090909 

57- 9998 X 9999 X 10000 X 10001 X 10002 

58. 9999 X 9999 X 9999 X 9999 X 9999 X 

59- 9999 X 99980001 X 999700029999 

60. 1234 X 2345 X 3456 X 4567 



9999 



DIVISION. 

23. The object of division is to find how many times one number is con- 
tained in another. The quantity to be divided is called the dividend, the 
quantity by which we divide is the divisor, the number of times is the quotient, 
and what remains over (if any such there be) is called the remainder. 
Dividend = divisor x quotient + remainder. 

The operation of Division is expressed by the sign -J-, which is read by or divide by ; thus, 
42 -f- 7 = 6, implies that the result of the division of 42 by 7 is 6. The number 42 which 
is divided is called the dividend, that which divides, i.e. 7 the divisor and the result 6, the 
quotient If the divisor be not contained in the dividend an exact number of times, that 
which remains is called the remainder. 

24. The first idea of obtaining the result is to use subtraction and count 
the times we have to use it. 

Thus to find how many times 8 is contained in 34. 
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34 

J* (i) 

26 

_8 (2) 

18 

_» (3) 

10 
8 (4) 



We see we can take 8 away from 34 four times in succession, and then we 
leave 2. But if we had helped ourselves by the multiplication table (of eight 
times) we might have done it more shortly. For since 5 X 8 = 40, 8 will go 
5 times into 40, exactly ; therefore 8 will not go $ times into 34. Again 4 X 
8 = 32, and thus 8 will go 4 times into 34 land leave something over. This 
"something over" is evidently 34 — 32, or 2. 

Let it be required to divide 3168 by 27. Here the quotient will con- 
sist of three digits, and therefore there will be at least 3 separate sub- 
tractions. Now the figure in the hundreds' place 3168 
cannot be more than 1 , and if the product 27 hundreds, 2700 = 100 times 27 
or 2700, be subtracted from the total product 3168, "~jjj 
the remainder 468 must contain the products of the 270 = 10 times 27 
tens and units of the quotient multiplied by the — - 
divisor 27. We now inquire how often 27 is contained j| _. - ^ mGB 2 ~ 

ten times in 468, and this is found to be only once 

ten times; then subtracting the partial product 27 9 

tens or 270 from 468, the remainder is 198. Lastly, we have to divide 198 
by 27 which gives 7 for a quotient and a remainder 9 ; and, therefore, 3168 
contains 27, 100 + 10 + 7, or 1 17 times leaving 9 for the remainder. 

It will be seen that as often as 27 is contained in 31, so many hundred 
times it will be contained in 3 100, or in 3 168 ; and as often as 27 is contained 
in 46, so many ten times it will be contained in 460, or 468, and in this 
manner any quotient figure is just as readily obtained as the last or unit's 
figure of it. 

25. The' preceding articles contain the principles of division, and all 
that remains is to apply them in the most economical manner. 

Example. 

Suppose we have to divide 2987618 by 3605. 

Operation with cyphers in fall. Operation without annexing cyphers. 

3605)2087618(800 + 20 + 8 3605)2987618(828 

2884000 or 828, 28140 

103618 10361 

72100 7210 

31518 31518 

28840 28840 

2678 2678 
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Hence we may deduce the following rules : — 

RULE IX. 

26. If the divisor be not greater than 1 2. 

i°. Set the divisor at the left hand of the dividend and draw a line beneath 
which the quotient is to be written. 

2 . By the multiplication table find the greatest number of times the divisor is 
contained in the first figure, or if necessary the first two, or first three figures of the 
dividend; set down the quotient and carry the remainder to the next figure of the 
dividend. 

m 3 . Divide this number by the divisor, set down the result as the next figure of 
the quotient, carry the remainder to the next figure of the dividend, and so on till all 
(he figures of the dividend are exhausted. 

The number thus found is the quotient. 

Examples. 

Ex. 1. Divide 25602 by 3. 

Placing the dividend and divisor (3) as in the margin, we proceed thus : — 3)256020 
3 is contained in 2, mo times ; so that nothing is to be placed under the 2 : 3 is — -^— 

contained in 25, 8 times and 1 over ; 8 and carry 1 : this 1, regarded as 85340 

prefixed to the 6, gives the number 16 : we therefore say ; 3 in 16, 5 times and 1 over : 3 in 
io, 3 times and 1 over : 3 in 12, 4 times : 3 in o, o times. Therefore, the quotient is 85340 ; 
and this is the complete quotient, as there is no remainder. 

Ex. 2. Divide 7804623 by 5. 

We say, 5 in 7, 1 and 2 over : 5 in 28, 5 and 3 over : 5 in 30, 6 : 5 in 5)7804623 

4, o: 5 in 46, 9, and 1 over: 5 in 12, 2, and 2 over: 5 in 23, 4, and 3 

over. As there is here a remainder, we annex it, with the divisor 5 under 1560924 -| 

it, to the figures of the quotient and call 1560924 f , the complete quotient. 

RULE X. 

27. If the divisor be greater than 12. 

i°. At the right hand of the dividend, draw a line for the quotient; at its left 
hand, and in a line with it, write the divisor. 

2 . Mark off a number of figures, from the left hand side of the dividend, equal 
in number to those of the divisor, or- one more if necessary and find the greatest 
number of times the divisor is contained in this number; write down this as the 
first figure of the quotient. 

3 . Multiply the divisor by this number, and place the product under the 
number marked off from the dividend, and subtract. 

4°. Bring dawn to the remainder the next figure of the dividend, and if the 
remainder thus increased be greater than the divisor, find the greatest number of 
limes the divisor is contained in it, and write this number as the second figure of the 
quotient, but if not bring down the next figure of the dividend, or more, until it is 
greater — recollecting to place a cypher in the quotient for every figure of the dividend 
so taken exeept the last : find how often the divisor is contained in this number; 
then multiply, subtract, and bring down, Sfc, as before, till all the figures of the 
dividend are exhausted. 

The number thus obtained is the quotient required. 
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Examples. 

Ex. i. Let it be required to divide 256434 by 346. 

Looking at the leading figure of the divisor, and also at that 346)256434(741 quotient, 
of the dividend, with the view of seeing whether the latter con- 2422 

tains the former, which it does not, 3 being greater than 2 ; we 
therefore commence with the number 25, formed by the first two l *^> 

figures of the dividend, and seeing that 3 is contained in 25 8 * 4 

times, we should put 8 for the first quotient figure ; but bearing -^ 

in mind that when the whole divisor is multiplied by this 8 we 346 

must attend to the carryings ; we perceive that 8 is too great, we 

therefore try 7, and find 7 times 346 to be 2422, a number less 48 

than 2564 above it, so that we can subtract ; the remainder is 142, which, when the next 
figure of the dividend is brought down, becomes 1423. We now take this as a dividend, and 
looking at the leading figures in this new dividend and the divisor, we see that the latter w& 
go 4 times, we therefore put 4 for the second quotient figure, and multiplying and subtracting 
we get 39 for the second remainder, and, by bringing down another figure we get 394 for a 
new dividend; the divisor goes into this once, so that the quotient is 741, and the final 
remainder 46 ; this remainder must be annexed with the divisor underneath to the quotient 
figures, so that the oomplete quotient is 94 x -fifs, which is the 346th part of 256434. 

Ex. 2. Divide 108419716214 by 5783. 

5783) 108419716214 ( 18748005 quotient 
Quotient figure (1) 5783 

50589 • 1st remainder with next figure. 

(8)..,.,, 46264 



43*57 •••• ••• 2nd 

(7) 40481 

27761 3rd 

(4) • *3'3» 

46296 •••••••••••• 4th 

(8) 46264 



(o). 
(0) 



3*2 , .... 5th 



3221 •••.•••••• 6th 



3»i4 • 7th 

(5) **9*S 



»9 n 



M M 



n n 



w n 



n ft 



>9 99 



3299 final remainder. 

It must be noticed that if any dividend formed by a remainder and a figure brought down 
should be less than the divisor, that the divisor will go no times in that dividend ; so that a 
o will be the corresponding quotient figure ; and that, then, a second figure must be brought 
down as in the operation annexed. The steps marked (3* are inserted merely to show 
the principle. In praotioe we simply put down the two noughts in the quotient, and go at 
once to 32214 tor the divisor. , 

28. Whenever the divisor can be separated into two factors, the division 
may be effected by the following rule : — 

BULB 



i°. Divide by one factor, setting down the quotient and remainder. 
»°. Divide the quotient by the other factor, setting down the quotient and re- 
mainder; the eeomd quotient thus obtained i$ the required quotient. 
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3°. The proper remainder is found by multiplying the second remainder by the 
fr$t divisor, and to the product adding the first remainder. 

This rale may be extended to the case of the divisor being divisible into 
any number of factors, as follows, always setting down as remainder the 
product of the partial remainder by all the previous divisors increased by the 
previous remainder. 



Ex. i. Divide 569736869 by 15, 

Here the remainder 2 in the first quotient is 2 units of the 
upper line ; but the remainder 4 in the second line consists of 4 
vniti of the second line; and as each unit in the second line is 
(km timet as great as each unit in the upper line, the remainder 
4 it equal to 3 X 4 units of the upper line, *.*., is equal to 12 
ordinary units, hence the whole remainder is a + 12, or is 14. 

Ex. 2. Divide 8327965 by 72 and 99. 

8 I 8327965 

99 

9 I 925329. ...4 in 



'5 



569736869 
189912289... .2 

379 8a 457...«4 



-[ 



83*79*5 
9*53*9 >• -.4 



115666.... 1 84120... .9 

To deduce the remainders which would have been left had the divisions been performed 
by 72 and 99 in the usual way, we may observe that the first partial remainder 4 must be 
wtito; but the second dividend being so many collections of 9 units each, the second re- 
mainder must be regarded as so many collections of 9 units each ; henoe the true remainders 
in these examples are respectively 

1 X 9 + 4= *3> and 9 X 9 + 4=*5- 

Ex. 3. Divide 267x998 by 192. 



192 { 6 
8 



2671998 
667 999..,. 2 



.4**.— Quotient = 13916 
Remainder =126 



'"333"" 1 X4 + * = 6" 



13916.. ..5 X 6 X 4 + 6" = 1*6" 

29. Division may also be abridged where the divisor is terminated by a 
cypher or cyphers; we proceed as follows : — 

EULE xn. 

i°. Out off the cyphers from the divisor f and as many figures from the right hand 
of the dividend as there are cyphers so cut off at the right hand end of the divisor, 
ihm proceed with the remaining figures in the usual manner (Knle X or XI), and 
if there are anything remaining after the division annex those figures which are cut 
off from the dividend; otherwise, the figures cut off will be the remainder. 



Sx. 1. Divide 3704196 by 20. 
*>°)3704i9>6" 
185209 a 



Ex. 2. Divide 31 086901 by 7100. 

71,00)310869,01(4378 ft}* 
284 

268 
213 

~* 
497 

599 
568 



3i 
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e first of these examples 70a mark off with a turned comma the cypher or o in the 
and the first figure 6 to the right in the dividend , this is equivalent to dividing 
fisor and dividend by 10. Yon next divide the remaining figures 3704 to, to the left 
dividend, by the divisor 1, according to Rule IX; thus is obtained the quotient 
and remainder 1 ; to this remainder you annex the figure 6, which was cut off, and 
■e the complete remainder 16. The quotient may now ha correctly represented thus, 
it 

e second example you follow the same rule ; that is, you cut off two cyphers in the 
and two figures in the dividend, and obtain the quotient in the usual way, which is 
id remainder 31 ; to this 31 annex the two figures cut off from the dividend, and 
•e the complete remainder 3101. 

Verification of Division. — (1.) Multiply the quotient by the divisor, 
divisor by the quotient, and to the product add the remainder, if there 
. The result ought to be the same as the dividend ; because we are 
iding the divisor the same number of times, as it was subtracted in 
eration of division. 

Subtract the remainder, if any, from the dividend, and divide the difference 
ined by the quotient. The result should be equal to the divisor, if the 
ig be correct. 

EXERCISES IN SIMPLE DIVISION. 

131791695 -f- 1 5. 4~67K491 -r f> 9- 154096146 -r- 10 

5*4*973» 6 -7- J 6. 1765(6437 —■ 7 10. 1101181167 T " 

399345*84 -r- 4 7- 6947431006 -;- 8 11. 1095137170 -j- 11 

198144760 J- 5 8. 1470163075 -j- 9 11. 594370553" -T-™ 

648917543*689467 -j- 14 iB. 987654321011345 -^ 66 

598431789648310758 ■*■ 11 19. 9357864837986496 ~- 70 

56983475689168 ~- 36 ao. 483795864973106789 -S- 110 

9357864837986496 ~- 50 11. 359»3»39'6"9" -r '3» 

59S6431685946896 + 63 12. 4902550716551769 -j- 144 

987654311670 -T- 3000 16. 17+1001111 1 749999 -j- 37009 

17931810740000 ~- 2600 27. 149778007913516 — 618934 

I47IO96X989869 -j- 1709 28. 41143968141835 -j- 871169 

31415916536 -j- 648 34. 6345670000000 -f- 45630415 

icoooooocooocooo -7- mil 35. 6680943744179011-7-467896 

4895300478 -r- 5678 36. 4841315713781 -i- 570634 

65S 6 5°7S'8 1 7 -r 39 6 " 8 37- 815140906170 -j- 763054 

33101 6 1069 1 891 -i- 7043618 38. 34939053114316 ~ 8431071 

Divide 31415916536 into 100 with as many nonghts added as may be 

ten figures in the quotient. 



Ixpress in figures, ten thousand and four. 

9483 + 7648 + 31479 + 586 + 298364 4- 98765 + 897 + 789 + 5678 + 99. 

rom 6794006897 take 398J160534. 

[ultiply 947 g 5 s 3° D 7 78060. 

'ivide 5688208151 by 594. 

Ixpress in figures, one hundred million, one hundred thousand and one hundred. 

.dd together 90473, 9456, 168, 59, 45694, 5437, 87668497, 2837, 9865, 3651, 999, and 

8888. 
'Ind the difference between 100000000000 and S7649786. 
tnltiply 316904678 by 3060900. 
livide 136487698743 by 85409. 
Sprees in figures, one hundred and three million, eighty thousand, two hundred 
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12. Add together 69074, 6745, 723, 29, 931648, 9005, 76245, 54267, 47096, and 7777. 

13. From 78600070000 take 6974208506. 

14. Multiply 167409678 by 768900. 

15. Divide 60000007006490088805 by 98706543. 

16. Express in words and in figures how much greater the value of one 5 ifl than the other 

in the number 658457. 

17. Multiply 129847 by 468. If, in the process, you shift all the figures resulting from 

the multiplication of the multiplicand by 4 two places farther to the left and then 
add, of what two numbers will the result be the produot P. 

18. What number subtracted from 850967 will leave 3946 ? 

The 365th part of a number is 101001, what is the number P 

19. The digits in the units' and millions' places of a number are 4 and 6 respectively, 

what will be the digits in the same places when 99999 is added to the number. 

20. What number must be added to sixty-nine thousand four hundred and twenty-seven 

to produce three hundred and twenty-five millions, seven thousand and twenty-one P 

21. Find the sum, difference, and product of 12345678 and 288144412. 

Find the sum, difference, and produot of 1234567 and 4321089. 

22. 15996 tons of coal are exported in 43 ships : how many tons does each ship on the 

average carry P 

23. How many years of 365 days each in 46355 days P 

24. How often can you subtract 6 from 471 12 P 

25. How many ships, each carrying 673 men, can transport an army of 22882 men P 

26. By what number must you divide 7460020 in order that the quotient may be 52907 

and the remainder 133 P 

27. 2036809 divided by a certain number gives a quotient 2031 with a remainder of 1747 : 

find the dividing number P 

28. A ream of paper contains 20 quires of 24 sheets each ; on each page there is room for 

34 lines of writing : how many may be written in the ream P - 

29. What is the number of holes in a sheet of perforated zinc, containing 1519 square 

inches, if there be 85 in the square inch. 

30. What will remain after subtracting 213 as often as possible from 83216 P 

31. The product of two numbers is 1270374 and half of one of them is 3129 : what is the 

other number P 

32. Find the sum, difference, product, and quotient of 1653125 and 13225. 

33. Find the sum, difference, product, and quotient of 9765625 and 78125. 
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31. Asithhbtioal operations become lengthy and troublesome if they 
involve many vulgar fractions of different denominations ; it becomes neces- 
sary, therefore, to devise a method of expressing fractions in such a manner" 
that they may be easily reduced to the same denomination. To effect thia 
all fractions are reduced to others having for denominators 10, 10c, 1000, &c. 
Bach fractions are called decimal fractions. 

32. Decimals occur so frequently in all computations relating to Nautical 
Astronomy, that it becomes absolutely necessary to have a knowledge of their 
application and their relation to Vulgar Fractions. 

33. In the Notation of Integers or common numbers, the actual value of 
each figure depends upon its position with respect to the place of units, its 
value in any one position being one-tenth of what it would be if it stood one 
place further to the left ; thus the number 1 1 1 1 denotes one thousand, one 
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hundred, one ten, and one unit, or 1000 + 100 + 10 + i, where the second 
unit beginning with the right hand one is ten times the first, the third is ten 
times the second, the fourth ten times the third, and so on ; or beginning 
with the first on the left, the second is the tenth part of the first, the third 
the tenth part of the second, and so on, till we come down to the last unit, 
which is merely one; or in other words, the figures decrease in a tenfold 
ratio from left to right. 

34- Now we may evidently extend this principle still further, and on $he 
same plan may represent one-tenth of one, one-tenth of this, or one-hundredth 
of one, one-thousandth of one f and so on, by simply putting some mark of 
separation between the integer* and tiieae fractions. The mark actually used 
is a dot or full stop, and is called the decimal point, thus 1 1 1 1 *i 1 1 1 .* The 
unit (or i ) next the dot, on the left, is i ; the unit one place from this on the 
left is 10 ; the next is ioo ; the next iooo, and so on. In like manner, the 
unit next the decimal point, on the right, is A> the next yfo, the next tiAst, 
and so on. In other words, any figure one place to the right of the unit's 
place will be one-tenth of what it would be if it were in the unit's place, and 
will thus really denote a decimal fraction ; any figure two places to the right 
of the unit's place will be one-hundreth of what its value would be if it were 
in the unit's place, and so on for any number of figures, as in the following 
table, which may be regarded as an extension of the numeration table. 



i i 

*-» 3 m 9 3 Q 5* 

% M 4 A * 1 I J * 

liiilii i 1 1 1 1 1 1 

7654321-2345678 

35. This being agreed upon, it follows that a decimal may either be con- 
sidered as the sum of as many fractions as it contains digits, or as a single 
fraction; thus:— 

*5 6 7 = * + t4* + TTferr = -Aftfe- 

•0305 = -ft + tJt + nftnr + i6&oo = 1W0V 

18-204 = 18 + A + t8tt + To*o* = YoW- 

36. Hence, a decimal is always equivalent to the vulgar fraction whose numerator 
is the decimal considered as integral, that is, the number itself, when the decimal 
point is suppressed, and whose denominator is 1 followed by as many cyphers as there 
are decimal places in it. 

37. We generally speak of any figure in a decimal as being in such a place 
0/ decimals; thus, for instance, in 3*14159, we should say that the 5 is in the 
fourth place of decimals, the 9 in the fifth place, and so on, reckoning from 
left to right. 

38. The figures 1, 2, 3, 4, 5, 6, 7, 8, 9, in a decimal are sometimes called 
significant figures or digits; thus, in such a decimal as -0002345, we should 

* The decimal point should be put at the top of the line of figures, thus— 5*7, because 
5.7 with a stop at the bottom is used in most works to mean 5 X 7 = 35. 
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say that 2 is a significant digit, because it is the first figure which indicates 
a number, the cyphers only serving to fix the place in which the 2 occurs. 

39. Numbers made up of whole numbers and fractions, either vulgar or 
decimal, are called mixed numbers ; for instance, 368*414 is a mixed number, 
the figures which precede the decimal point (the 3, the 6, and the 8) are 
▼hole numbers or integers^ while those which follow the point ('414) are 
decimals. 

40. To read off, or express in words, decimal fractions, read the decimal 
figures as if whole numbers, and to the lent figure add the name of the order deter- 
mimed by the place it occupies; thus, -734 is read seven hundred and thirty-four 
thousandths; 58*64327 is read fifty-eight, together with sixty-four thousand 
three hundred and twenty-seven hundred-thousandths ; '080905 is read eighty 
thousand nine hundred and five millionths. 

In reading decimals as well as whole numbers, the unit's place should always be made the 
darting point. It is advisable for the learner to apply to every figure the name of its order, 
or the plaoe which it occupies, before attempting to read them. Beginning at the unit's 
place he should proceed towards the right, thus — units, tenths, hundredths, thousandths, &c, 
pointing to each figure as he pronounces the name of its order. In this way ho will be able 
to wad decimals with as much ease as he can whole numbers. 

41. The value of the decimal figures depending entirely on the place they 
occupy with respect to the point which'separates the units from the tenths, 
any number of cyphers on their right may be annexed or effaced, without 
altering the value of the significant figures. For instance, 07 is the same as 
070, because the number that expresses the decimal fraction becomes ten 
times greater while its parts become hundredths, and are therefore diminished 
tea times, 

thus A = rife = rifife, &c. 
and hence it is evident that annexing cyphers to the' right hand of decimals 
does not change their value, for wejonly multiply both numerator and 
denominator by 10, too, &c, and consequently does not alter their value at 
all Again, take a decimal such as '56, which, as already explained, means 
5 tenths 6 hundredths, it will follow that '560 means 5 tenths, 6 hundredths, 
no thousandths ; whence the addition of the cypher to the right-hand has made 
no alteration in the value of the decimal. In fact, 

'5* = rife ™d -560 = riftfe = rife- 
Similarly '23, '230, and '2300, are all of equal value, for expressed as fractions 

they are respectively x Vb, riftfe, and riftfife. 

42. But placing cyphers between the decimal point and the other decimal 
figures does alter the value of the decimal, because this alters the place of 
the significant digits, the value being diminished ten times for each cypher 
that is prefixed, 

thus 7 = rir, '©7 = ifot '°°7 = nfinr, and so on. 
We infer from this, that as the value of a decimal is decreased ten-fold for 
every cypher added to the left-hand, we do in fact divide a decimal by 10, by 
100, by 1000, &c., as we shift the decimal point one, two, three, &c, places 
to the left ; and that conversely by shifting the decimal point one, two, three, 
Ac, places to the right, we multiply the decimal by 10, by 100, by 1000, &c. 
For instance, the expression 56789 is divided by 10 if written 5*6789, is 
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divided by ioo if written '56789, and is divided by 1000 if written '056789 ; 
whereas the expression '00723 is multiplied by 10 if written '0723, is multi- 
plied by 100 if written '723, and is multiplied by 1000 if written 7*23. 

Examples for Practice. 
Express as decimals — 

'• A. dhr» nftro and ff ; also A, W, tWt, and IW- - 
a * t^t» ioVoo » rii"?RF» looo'oooo * lV- Voir* Two> iwfrff* and Tob Att> 

3* "Tb ■ 166 > Tinnfto 1 iSnJfonffig. thousandths, "tentiisi EHfiontEs* 
A jBLiiA. aha g iz.fi ai_ a Aaaa ao 

<)•• 100001 100) 100000' 100001 100000* 10 » 100' 

c JLftlAl 078819 8.Z.2J.1JI ££311804 

J* 10000* 10O000* 1000000000* 10000 ' 

6. In the following mixed numbers write the fractional parts in decimals : — 
7 dHhr* 43 tW&* 9 l JWHvo-* i ioolooo * and 35 ^VoWo - 

/• 53 Tfr» *t7 i*nr> ° TOdffff* 3 ioooo* 9 iooooooooo* 9" 1 * ioooooo* 

8. Express as decimal fractions the following : — 

Seventy-three thousandths; one hundred and ninety-seven ten thousandths; one 
millionth; two hundred and sixty-one hundred thousandths; one thousand and one 
ten millionths. 

9. Express as decimals the following : — 

One, and fifty-four hundredths; twenty-four, and seventy-nine thousandths; three 
hundred and fifteen, eight thousandths, and fifty millionths; eleven hundred millionths ; 
nine thousandths, and three hundred thousandths. 
10. One tenth ; three hundredths ; five thousandths ; one hundred and five thousandths ; 
two millionths ; sixty millionths ; forty-one and eight hundredths ; one thousand 
and one thousandth; thirty and six millionths; one hundred thousandth; two 
thousand three hundred and soventy-five hundred millionths. 
xi. Express as vulgar fractions — 

•7, -07, -007, -000007, -327, 3-27, 32*7, -45697, 456-97> '»93» -0000893. 

12. Express in words the following decimals and mixed numbers : — 

•283, -5321, -74895. '821056, 27-8354, 34-0009, 43-101007, 23-75, 2 '375> '*375# 
•00002375. 

13. Express as vulgar fractions, and reduce to the lowest terms : — 

•0000001024, -000000000576, '9241, 67-09, -5064919, and •00000000000000065536. 

14. Express in words the following : — 

•6, -92, '5498, 7-07, 26-405, -oooooi, -00037, ii'ionoi, -0440308, '82344, -13236. 

15. "Write in words 9*0457; 4004-0000345; 3-400; 524000634*0008034; -000003705; 

•000024056; 7005*000000674; x 00000*000000 1 ; io-ooi ; 9*000028; 1*0006003. 

16. roooooi ; -1000001; -oooooooi ; 1-13004; 9*203167; 4*3008004; 27*4627350. 



ADDITION. 

43. Decimals, or integers and decimals mixed, may be added together precisely as in 
whole numbers, care being taken so to arrange the figures that all the decimal points fall 
exactly under one another. This will ensure that tenths fall under tenths, hundredths under 
hundredths, &c. The reason of this arrangement will appear from the following considera- 
tion: if this rule were not observed, tenths would fall under hundredths, or hundredths under 
thousandths, as the case might be ; and we should be attempting to add together fractions 
which had not common denominators. But if we arrange the decimal points all exactly 
beneath one another, tenths fall under tenths, hundredths under hundredths, &c, in other 
words, by so arranging them we at once bring the several fractions to a common denomi- 
nator, and can proceed to add them together. The decimal point, in the answer, will fall 
exactly beneath the decimal points in the quantities to be added. When the sum of any 
figures exceeds 10, 20, &c, carrying to the next denominator will be performed exactly as in 
whole numbers, whether the given quantities are all decimals, or are mixed integers or 
decimals. For as the value of each figure decreases tenfold as we proceed from left to right, 
the roles of ordinary addition are immediately applicable. 



Addition of Decimals. 



35. 



We have, therefore, the following rule for addition : — 

rule xm. 

i°. Place the quantities so that their decimal points shall he in the same vertical 
line; for then the quantities of the same denomination will stand together. 
2°. Then proceed as in addition of whole numbers. 

Examples. 

For instance, let it be required to add together -8, '78, and '678. 

'8 Where we see that after writing in the answer'8 in the place of thousandths, that 

*7& 7 hundredths and 8 hundredths added together make 15 hundredths; but 15 hun~ 

'078 dredths are 1 tenth and 5 hundredths , writing 5 in the place of hundredths, and 

"""] I carrying one to the place of tenths, we obtain 22 tenths ; but 22 tenths are properly 

£_ written as 2 integers and 2 tenths. 

Again, where integers and decimals are mixed 

Where writing 5 in the place of ten thousandths, the sum of 7 thousandths 
and 7 thousandths is 14 thousandths; writing 4 in the place of thousandths, 
and carrying 1 to the place of hundredths f wo obtain 10 as the sum in the 
hundredths place; but 10 hundredths are 1 tenth, carrying 1 to the place 
of tenths, we have 10 tenths; but as 10 tenths are 1 unit, we carry 1 to the 



3-007 
42*6 

3975 
46-0045 



place of integers, and write 6 in the place of units, and 4 in the place of tens. 



Ex. 3. Add together 0*35, 47*4, and 



9* 1 2. 



°*35 

47*4 
9.12 



Ex. 5. Add together 1234*6789, 13, 
170, -0054, «5, and 87-142, 

12346789 

'3 

170 

•0054 

'5 
87*142 



Ex. 4. Add together 23*628, 4*1056, 
'0137, and '0042. 

23*628 
4*1056 
•0137 
•0042 



27-7515 



iS°S'3 2 6$ 



Ex. 6. Add together 66199*3226, '301, 
54*5, '00632, 1000, -07, and 32745*80008. 

66199*3226 
•301 

54*5 
•00632 

1000 

•07 

32745-80008 

i 00000 



Examples fob Practice. 
Find the value of 

1. -225, 3*086, 12*17, '0051, and 729*54; 2*63, -263, '0263, and -000263. 

2. 8-i, 40*652, 98*51, 695*7, and 43'97°6" J 6975, 097, 0*059, 6 73*5> 4' 8 » and 932*6. 

3. 897-4, 63*18, 400*03, 7-9, 63-9, and 5*0079; -00162, -1701, 325, 2-7031, and 3-000701. 
4* 3608*26, 360*826, 36*0826, 3*60826, and -22314; 467*3004, 28*78249, 1*29468, and 

3-78241. 

5* 3fr°53> *oo79j ,000 95 a > 4 X 7> 8 5'5 8o 3> «md -0000501. 

6. 87*1 + 0-376 + '0056 + 49 + 3*009 -f* -709 ; 293*0072, 89*00301, 29*84567, 924*00369, 

and 72*39602. 

7. *8 + -046 + 9* 1 +* 3"°9 + 8-6409 + 32 ; 1-721341, 8*620047, 51*720345, 2-684 and 

62-304607. 

8. i -{- *i + *oi + -ooi + -oooi ; 4*07 + -6201 + -936 + 29*08 + i'oioi -J- 7. 

9. 1 + *2 + *°3 + ' 00 4 + *o<x>5 J 1» S^'oS, 312*907, 4093, 494-5, and 87-003, 



3< 



Subtraction of Decimals. 



What is the sum of 

10. Eighteen hundredths; seven hundred and forty-five hundred thousandths; nine 
thousandths ; forty-three millionths ; five hundred and eight thousandths ; one hundred 
and thirty-two thousandths; one thousand and forty-four ten millionths; twenty-five 
hundredths ; five tenths ; and six hundred and five thousandths ? 

ii. Add together 9 tenths, 92 hundredths, 162 thousandths, 489 thousandths, and 
92 millionths. 

12. Add together 1 tenth, 2 hundredths, 16 thousandths, 7 millionths, 26 thousandths* 
95 ten millionths,Jand 7 ten thousandths. 



SUBTEAOTION. 

44. In subtraction of decimals, or of integers and decimals mixed, for reasons precisely 
similar the decimal points must be arranged to fall exactly beneath one another ; and then 
the smaller quantity can be subtracted from the larger in the same manner as in whole 
numbers, thousandths being taken from thousandths, hundredths from hundredths, and tenths 
from tenths. The decimal point in the answer will fall exactly beneath the decimal points 
in the subtrahend and minuend, cyphers may be added (or supposed to be added) to the 
right of the decimal figures in the minuend, as this will not alter the value (see page 3a), 
and the subtraction may proceed as in whole numbers. 

We have, therefore, the following rule for subtraction : — 

RULE XIV. 

i°. Place the quantities so that their decimal points shall be in the same 
vertical line. 

2 Next proceed as in subtraction of whole numbers. 

'Examples. 



Ex. i. Subtract -756 from -897. 

•897 

•141 

Here the difference between 6 thousandths 
and 7 thousandths is 1 thousandth, between 9 
hundredths and 5 hundredths is 4 hundredths, 
between 8 tenths and 7 tenths is 1 Unth. 

Ex. 3. Prom 98765*4321 take 99*99. 

9 8 765"43« 

99*99 

^^ • 

98665-4421 



Ex. 2. From 37*6{take '907. 

In this instance 37*6 may be written 
37*600. 

37*600 
•907 

36693 



Ex. 5. Subtract "0000999 from '01, 

■01 
'0000999 



'0099001 



Ex. 4. Subtract '97658 from 5*1 394* 

5*1394 

4-16282 

In subtracting 8, o is supposed to occupy 
the place above it as 5*13940 = 5*1394. 

Ex. 6. From 1 take '47712. 

1 
•47712 



-52288 



In examples of this kind (Ex. 5, 6, and 8) when the number of decimal figures in the 
lower line exceeds the number of figures in the* upper, it is advisable to mentally 
sa pply cyphers to make up the deficiency in the upper line. This may be done without 
altering the value of the upper line. 



Multiplication of Decimals, 



il 



Ex. 8. From i take -oooooi. 



•oooooi 



"999999 



Ex. 7. Subtraot 247*258746 from 
347'*5*745- 

347-258745 
247*258746 

99999999 

Examples fob Practice. 
Subtract 

3*07 from 6*501 ; '79999 from 9 ; 2*9989 from 3 ; '990999 from 9. 
•0090806 from 39857; -00032 from 32; '876534 from 8*21314; 364*3123 from 456*0546. 
•99 from 1 : '00000099 from 99 ; * oooooi from 10 ; 3*29 from 999; 25*6050 from 567*392. 
'9682347 from 65*00001 ; '79999 from 9 ; 9*163 from 81*6823401. 
'oooooi from *oooi ; '000004 from '0004; -00032 from 32 ; '87623 from 24681. 
From 700 take 7 hundredths ; from *oooi take * 000000 1. 

From 42 hundredths take 42 thousandths; 154 millionth* from 6231 hundred thou- 
sandths* 
8. Prom 96 thousandths take 909 ten thousandths ; 92 thousandths from 29 thousand. 



1. 
2. 

3- 

4- 

5- 
6. 

7. 



MULTIPLICATION, 

45. We have stated that for every place we shift the decimal point to the right we increase 
the value of the decimal tm-fold, for every place we shift it to the Uft we decrease it Un-fold. 
Now, in multiplying two decimals together, since the law of local value hold with regard to 
the digits comprising the decimals, the process of multiplication will he performed exactly 
as in ordinary whole numbers ; the only matter requiring consideration will be the proper 
position of the decimal point. 

Suppose we have to multiply 4*935 by 6*28, and let us suppose the decimal point in 
each case removed to the extreme right Then (Art. 42, page 33) we have multiplied the 
number 4*935 by 1000, and the number 6*28 by 100, and we have obtained the numbers 4935* 
and 628' respectively. Now, 4935 x 628 = 30991 80, but as we increased our original numbers 
one thousand and one hundred fold respectively, it is evident our produc t is increased 
1000 x 100, or one hundred thousand fold. Dividing, therefore, the above result, 3099180 
by 1000000, or what is the same thing (Art. -42, page 33), writing it 3099180* and removing 
the decimal point 5 places to the left, we get for the product of the numbers 4*935 and 6*28, 
the result 30*99180. It will be seen that the number of decimal places on the product, 
namely, 5, is the sum of the numbers of the decimal figures in the two given numbers. 

We have, therefore, the following rule for multiplication : — 

BULB XY. 
MMiplg the numbers together, as whole numbers, and point off as many decimal 
pieces in the product (beginning at the right J as there are decimal places in the 
mUipfter and multiplicand together. 

When the decimal places to be pointed off are more in number than the figures of the 
product make up the proper number by prefixing cyphers to the product. 



Ex. x. Multiply 34' n by 3*72. 

34'n 
3'7* 



6822 

23877 
10233; 

126-8892 



la 34*ti are two decimals; in 3^72 are 
two; therefore four decimal places are 
Prated oft 



8. 

Ex. 2. Multiply 236000 by '48. 

236000 
•48 

1888 
944 



11 



5280* 



00 



The product of 236 by '48 is 11328 ; ill 
236000 are no decimals; in '48 are two 
decimals ; therefore two places are pointed 
off in the product. 



3* 



Division of Decimals. 



Ex. 3. Multiply 56*3 by *o8. 

0*08 



4'5<>4 



In 56*3 is one decimal ; in '08 are two ; 
therefore three places are pointed off in the 
product. 



Ex. 5. Multiply '0048 by '000012. 

•0048 
•000012 



Ex. 4. Multiply 5-63 by •00005. 

5'*3 
0*00005 



0*0002815 



•0000000576 



The product of 48 by 12 is 576; in 
•0048 are four decimals; in '000012 are 
six decimals; therefore the product must 
contain ten decimals (four and six), and 
seven cyphers are prefixed to 576, whence 
the product is '0000000576, as above. 



In 5*63 are two decimals ; in '00005 are 
five ; therefore three cyphers must be pre- 
fixed to the produot 2815, and seven decimals 
marked off. 

Ex. 6. Find the value of 1*005 X '°°5 
X .0064. 

1-005 
•005 



.005025 
.0064 

20100 
300150 

•0000321600 



FiTAMPLKfl FOE P&AOTIGB. 



Find the value of 



1. 2-5X4; *5 X 4°. **5 X 476; 2-5 X 4"7^; '0025 X 4'7 6 J '° 2 S X 0476. 

2. 'ooo2 X *ooioi ; 90*01 X 0*034; *ooo8 X '00014; *nd '6005 X "0035. 

3. -0783 X 461 ; '2764 X 9 6 ' '06948 X '0087 ; and '00043 X 47©o. 

4. 2156 X 0035; 24- 35 X 074; 3585 X 209; and 004716 X 22240656. 

5. 1*075 X *oioi ; 8*004 X '004; -0006 X *oooi2; and '923521 X '28629151. 

6. 1000008 X '000306; 7535°°o X 62*3906; and 31*50301 X i7'°35 2 - 

7. '000713 X 2*30561 ; 42*10062 X 3*821013; and 1*0142034 X '0620034. 

8. 25067823 X ' 000000 1 ; 394*2003 X '00000003 > an< i '834567834 X " 00000008. 

9. 47-83 by 10, 100, 1000, ^, -rfo, -r^; -5 X 1000; -75 X 100000. 
10. 22*5 X '0241 X '0024; '0003 X *oi X 500000; *oo6 X *oooi2. 

ix. 2.7 X '27 X '027 X 270; *2 X '04 X *oo8 X 64000; 8*004 X '004. 

12. it X 'on X i*oi X 'oioi; -013 X i'6 X "007 X 3*°5; ioo 3 X 612. 



DIVISION. 

46. Let it be required to divide 37*015 by 6*73. 

By shifting the decimal point to the right of the dividend and divisor so as to turn both, 
into whole numbers, we increase the number 1000-fold, and the divisor 100-fold. The 
former of these alterations will have the same effect as multiplying the quotient by 1000, 
the latter the same as dividing by 100 ; so that the quotient will be 10 times too great, and 
must be further divided by 10, *.«., one decimal place must be pointed off to give a correct 
result. 

Had it been required to divide 370*15 by 6*73 where there is the same number of decimal 
places in both dividend and divisor,;by shifting the decimal points so as to make both whole 
numbers, we should increase the dividend 100-fold, and the divisor ioo-fbld ; 'this would 
not affect the value of the result, and the quotient would be a whole number requiring no 
decimal point at all. 

If the given quantities had been 370*15 by '673, so that there had been fewer decimal 
places in the dividend than in the divisor, by converting both into whole numbers we should 
have increased the dividend x 00-fold and the divisor 1000-fold. This would have decreased 
the divisor 10-fold, and to obtain the correct result we should have had to multiply the 
quotient by xo. 




Division of Decimals. 



39 



We can hence determine the following practical rule for the division of decimals : — 

EULE XVI. 

Divide as in whole numbers, and point off in the quotient as many decimal 
figures as the decimal places in the dividend exceed those in the divisor, that is, 
the quotient and divisor together must contain as many decimals as the dividend. 



Examples. 



Ei. r. Divide 17*68 by 3*4. 

3'4)i7-68(5-2 
170 

68 
68 

Here 17*68 contains two decimals; 3*4 
contains one; therefore 52 must contain the 
remaining one required, and he written 5*2. 



Ex. 3. 



Divide 4*784 hy 9*2. 

9 *2)4*784(*52 
460 

184 
184 



Here 4*784 contains three decimals, and 
9*2 one, the remaining two required must 
therefore he obtained hy pointing off both 
figures, thus, -52. 



Ex. 2. Divide 547*8 hy 66. 

66)547-8(8-3 
528 

198 
198 

Here 547*8 contains one decimal; 66 
none; hence 83 must contain one, and he 
written 8*3. 



Ex. 4. Divide 1353*6 hy 37*6. 

37-6)i353-6(36 
1128 



2256 
2256 



Here the dividend has one decimal, and 
the divisor also one, or as many, and the 
quotient is therefore an integer. 



(a) When the dividend has no decimals, cyphers must be annexed, preceded by 
ihe decimal point. 



Ex. 5. Divide 38 hy *o8. 
•08)38*00 

475 



Annex two cyphers to 38 ; then the 
dividend contains two cyphers, and the 
divisor also two, and the quotient is there- 
fore an integer. 



Ex. 6. Divide 132 hy 0*7. 
0*7)132*00000. 

18857x4 



Annexing five cyphers (decimals) gives 
quotient 1 8857 14. Then the number which 
added to one decimal in 0*7 to make up five 
is four. Ans.: 188*5714. 



(b) When the number of figures in the quotient is not sufficient to make up the 
ttfuired number of decimals, cyphers must be prefixed. 



Ex. 7. Divide '30285 hy 67*3. 

67*3)*30285( 4 5 
2692 

3365 
3365 



Here '30285 contains five decimals, and 
67*3 contains only one; the quotient 45 
contains only two, and four are required ; 
hezpe two cyphers must be prefixed, and 
the quotient written as '0045. 



Ex. 8. Divide 4*784 hy 92. 

92)4*784(52 
460 

184 
184 



Here 4*784 contains three decimals, and 
92 none; the quotient therefore must 
contain three, and becomes '052. 



4° 



Division of Decimals. 



(c) When the number of decimal places in the dividend is lees than the 
number in the divisor, annex as many cyphers to the dividend as trill make the 
number equal to the number in the divisor, and then proceed as in whole numbers. 



Ex. 9. Divide 14*4 by *ooia. 

The divisor contains four decimal places 
and the dividend only one, annex three 
cyphers to the dividend, so as to make the 
number of decimal places in both divisor 
and dividend equal, and then divide by 12, 
and the work will stand thus : — 

•0012)14*4000 
12000 



As the number of decimal figures in the 
dividend is equal to that of the divisor, we 
have none to cut off in the quotient. The 
answer is therefore 12000, an integer. 



Ex. 10. Divide 3028*5 by '673. 

In this instance the divisor contains three 
decimal places and the dividend only one; 
therefore two oyphere are annexed to make 
the number of decimal places in each equal. 

•673)3028-500(4500 
2692 

33*5 
33*5 



The number of decimal figures in the 
dividend and divisor being equal, we have 
none to cut off in the quotient The answer 
4500, is therefore an integer. 



The division may always be carried to any degree of accuracy by annexing 
cyphers to the dividend, as seen in example 6 (a). 

47. The decimal point may be removed altogether from both the divisor and 
dividend, by continually multiplying each by 1 o ; for the quotient will thus 
remain unaltered. The first decimal in the quotient will then appear only 
with the first cypher annexed to carry on the division. 

Example. — Divide 5580 by 0*04. Multiplied by 10 they beoome 558 and 0*4 multiplied 
again they beoome 5580 and 4, the quotient of which is 1395. 

This easy process furnishes a complete security against wrongly placing 
the decimal point in the quotient. 



1. 
2. 

3- 

Ar 

5- 
6. 

7- 

8. 
9- 

10. 
11. 
12. 

13- 
14. 

*5- 
16. 

*7- 
18. 



Examples fob Pkaotige. 

Divide 99*12105 by 5, 7, 9, 36, and 88. 
6*668 1 6 by 4, 6, 8, 25, and 630. 
'6052158 by 3, 6, 9, 24, and 6400. 

6541-234567 by 21 ; 746130765 by 112; 2188-054 by 983. 
236*041 by 1*75; 67234 by 85; 60*0001 by i-oi ; 300*402 by 12*1. 
325*67543 by 20 02 ; 684234*6 by 2682 ; 73*8243 by *o6i ; '00006 by '003. 
34*82725 by 39-5275 ; 897*25 by -98725 ; 42*9365 by 387*5 » ssA 3*1415926 by 

180, true to seven decimal places. 
17-084522 by 024 ; 1237*0519 by -5425 ; 762*151 by -00325. 
•00033 by "on ; 140-02564 by 1-871 ; 4*32067 by -ooi ; '59 by 80000; 167342 

by *oo2- *ooio24by 30517578125; 1001 by 16384. 
992 by -37 ; -1599 by 4100; -019 by 190; 1 by '152; -2 by 23*2. 
1*95 by '00013; 9614 by -0000019 ; -25 by 31*25; 8-92 by 237-6567. 
■03679 by 283; 165-434 by 36*2 ; -027472 by 3-434; 61000 by -825. 
17*171717 by 343-4; 1255 by 1*004; 12*55 by 1004; 7231068 by -12. 
•012550 by 1004000; 12*55 by -01004 ; 1255 by 10*04; 4 by -ooooi, 
•001255 by 1004 ; *oi by 1000; 202 by -oi ; 6821091*97627 by 88*03. 
13099*52 by -ooi 1008 ; -005868 by '036, and arrange the divisor, dividend, and 

quotient in order of magnitude. 
•6 by 6; 6 by 6: -o6by6o; •oo6by6; 6ooby*6; 6ooby*o6; and *oo6 by 600. 
•00636056 by *86 ; 6100 by -825 ; 23 by -000579 J 37' 6 94»6" by -156 ; '0016 by 

•000008 ; 6 by 'ooooooi ; *8 by -0000002 ; -000054 by 9 ; 4000 by '000125, 
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Reduction of Decimals. 41 



19. „ 36 by 10000; 9-3 by 10; 52-306 by 100; 8 by 10000; 2*0076364 by 1 000000. 

10. „ -ii to 10 decimal places; i££ to 12 decimal places; -^°I to 2c decimal places. 
17 1 130 io-oi r 

21. „ ™* to 25 decimal places ; -^L to 15 decimal places; , ° 00 9 8 4oo'* to 7 
«" 53*44* 159282 ' 

decimal places. 



EEDUOTION. 

4$. The great convenience of decimals makes it often desirable to reduce 
vulgar fractions to the decimal form. 

To reduce a vulgar fraction to a decimal, 

We hare to change the fraction to another equivalent fraction whose denominator is of 
the form 10, 100, 1000, &c To do this we multiply the numerator and denominator of the 
fraction by 10, 100, 1000, &c., as may be necessary, i.e. we add a certain number of cyphers 
(the same to each} ; we then divide the numerator and denominator by the original denomi- 
nator. These operations will not alter the value of the fraction. If the numerator by the 
addition of the cyphers becomes divisible by the denominator, without remainder, the 
required decimal is found ; if not, a circulating or recurring decimal is produced as is shown 
in the following examples : — 

Ex. 1. To reduce f to a decimal. 

Here we multiply numerator and denominator by 1000 and divide them by 8. The 
resulting fraction -fffo represented as a decimal is '625. 

Ex, 2. To reduce £f| to a decimal. 

Here we multiply numerator and denominator by 10000, and then divide them by "625. 
He resulting fraction tW<& represented as a decimal is '625. 

6*5) i23oooo(* 1968 
625 
The work is shortened thus : — we put down the numerator 123 as 

~?5° dividend, and denominator 625 as a divisor, and adding cyphers as 

often as required, we obtain as a quotient the significant digits of the 

4*5° decimals ; and the number of cyphers added to the dividend will be the 

*'* number of places to be marked off in the question. 

5000 
5000 

Hence to convert vulgar fractions into decimals we proceed by the following 
role. 

RULE xvn. 

Annex a cypher to the numerator, and then divide by the denominator ; if there 
fe remainder j annex another cypher, and continue the division, still annexing a 
qpher, either till the division terminates without a remainder, or till as many 
iedmak as are considered necessary are obtained : the quotient, with a decimal 
point before it, will be the value of the fraction in decimals. 



Seduction of Decimal). 



Reduce 'Ion decimal fraction. 



Dividing 10075 (the cypher being added) 
we find that i is = o-i. That \ = o-i is 
easily proved, for J = ±% ; consequently, 
by dividing both the numerator and denomi- 
nator by 5, we have $ = ^, = 'i 



t j. 



J to a decimal fraction. 



Ex. i. Convert $ into ii decimal fraction. 
g)yooo 

■us 

That | = "37J is proved thus, |= fffl i 
consequently, dividing the numerator and 
denominator by S, (the denominator of the 
fraction), wo have f = j^fe = -375. 

Ex. 4. Reduce -ft to a decimal. 
i.)6-o 



.Ex. 5. Reduce H to a decimal. 

(4)15-00 

36 =4 X 9 3 6 j 

19 ) fr'S 

■694444,4c. 

Hence U ^ -604 which U called a mind 
'"- or circulating decimal, consisting 
,on-recurring part 69 and the 
part 444, and usually written 
int or dot above the figure which 
d. 

Contort t-}-, into a decimal. 
ii3)8'oo(o-c7o 7 9,4c. 



73,4c 



.ho 8, the 
cj will go no time; therefore the 
nal place is to bo occupied with a 

Annexing now a second o, the 
imal figure U 7, and the work 

as above. The quotient shows 
= '07079, 4c.'; the decimals may 
1 out to any extent. 

Reduce T ±, to a decimal. 



It is plain from the remainder that 54 
would recur continually, so that -A is equal 
to a recurring decimal ; 54 being the recurring 

Ex. 6. Reduce ,^ to a decimal. 
( 1)3-000 

.4 = 1X7 '4 ■ 

[7)1-500 

■«+i8j7 



Hence^ = -ii4i3j7; the recurring part 
141857 having a point above its first and 
last figures being called its period. If the 
whole decimal recur*, it is called a pure 
circulator. 



Reduce fa to a dec 

iig),ooo(-oo78iJ5 
896 



9. Reduce -jffa to a decimal. 

sVVi = -0113191015615. 

11. Reduce ,| j to a decimal. 

!*,= -013671875. 



Ex. 11. Reduce s Vj to a decimal. 
: -04511067156348 3735J7'*7*i79"857>9'7597°6'9- 
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Examples fob Practice. 

i. Change into equivalent decimals -ft, -ft, f J, ^, -&, ^, ^fr, and ft. 

2. Bednce to decimals T V, H» if A, H&, Hh H> a* 1 * tIt, carrying interminants to 
seven decimal places. 

49. It becomes important to observe what fractions will produce termi- 
nating decimals. Suppose a fraction in its lowest terms ; then in reducing it to a 
decimal we multiply the numerator by 10, 1 00, 1 000, &c. Now the numerator 
contains no factor common to the denominator, and by this multiplication we 
introduce the factors 2 and 5 as often ae we please and no others. Unless, 
then, the denominator contains no other factor except twos and fives, this 
multiplication cannot render the numerator divisible by it. Hence the 
only fractions which will produce terminating decimals are those whose 
denominators contain only 2 and 5 as prime factors. All other fractions will 
produce circulating decimals, though in many cases the period is so long that 
it would be tedious to find it. 

50. Decimals are most frequently used to make calculations on numbers 
that have been obtained by observations of some kind, by measuring, for in- 
stance, or weighing ; and it is very seldom indeed that the accuracy of these 
observations can be relied on to within one five-thousandth part of the unit 
employed. Now if we cannot rely on the measurement beyond three decimal 
places, it is needless to carry the result derived from it any farther. In all 
operations with decimals, then, whether terminating or repeating, we may 
usually stop at the third or fourth place, and need very rarely go beyond the 
fifth or sixth. We may, however, attain any degree of exactness that may 
be required, by carrying the decimal far enough. 

With respect to repeating decimals, if perfect accuracy be necessary, they 
must in most cases be reduced to vulgar fractions before they are added, sub- 
tracted, multiplied, or divided. In almost all the applications of decimals, 
however, an approach to accuracy is sufficient, and this is attained by carrying 
the decimal only to a moderate number of digits, and omitting the rest. If, 
in converting a vulgar fraction into a decimal, we stop after the third' digit, 
for instance, adding unity to that digit, if the next be 5 or upwards, it does 
not differ from its exact value by more than one five-thousandth part of the 
unit employed. Thus, '172 differs from 172437 by "0004.372, which is less 
than *ooo$. Similarly, 983 differs from '93276 by '0002317, which is also 
less than "0005. 

51. To reduce any quantity or fraction of one denomination to the decimal 
of another denomination. 

rule xvm. 

Seduce the number of the lowest denomination to a decimal of the next higher 
denomination, prefix to this decimal the number of its denomination given in the 
fmtiony if any, and reduce this also to a decimal of the next higher order, and so 
on till all the numbers of the given denominations are exhausted, and the decimal of 
Me required denomination has been obtained : the last result will be the answer. 



L 
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Reduction of Dtcmals. 



Examples. 



Ex. i. Let it be required to express 
175. $\d, as the decimal of £1. 

The process will be first to express the 
fractional part of a penny as a decimal of a 
penny; placing the 5 as a whole number 
before this decimal, to divide that result by 
12, in order to reduce it to the decimal of a 
shilling ; placing the 17 as a whole number 
before this decimal, to divide that result by 
20 in order to reduce it to the decimal of a 
pound. This will be written as follows : — 

12) 5-25 pence 

*°) I 7'4375 shillings 

'871875 of a pound. 



It will be seen from this, that whatever 
we should divide by in whole numbers in 
order to bringpencemto shillings, or shillings 
into pounds, that we must likewise divide 
by in this case, only marking off correctly 
the decimal results. 



Ex. 2. Express as decimals of a degree 
37° 1 8' 35*. 



60 
60 



35' 

I8-583J 

27-30972 



Here for convenience of arrangement we 
write the 35* uppermost, and the 18' and 27" 
directly under it, and draw a vertical line to 
the left of the line opposite these numbers 
write for divisors the number of that denomi- 
nation which makes one of the next higher 
— namely, 60 opposite the seconds, since 60" 
= 1', and 60 opposite the minutes, because 
60' =j= i°. Then dividing 35 by 60 we get 
'583, which we write after the minutes, 
which gives 1 8*583 ; this again divided by 
60, the number of minutes in a degree, gives 
the quotient '30972, which being annexed 
to the degrees 27° gives the answer 
a 7°'3°97i« 



Ex. 3. Find what decimal of an hour is 

There are 60 minutes in an hour ; hence 
1 minute is *V of an hour, and 40 minutes 
is $$ of 1 hour, which gives o*66 of 1 hour. 

60)40*00 

o*66 of an hour. 



Ex. 4. Find what decimal of an hour is 
15"". 

Here 1 minute is ^ of 1 hour, 15 minutes 
is JJ of 1 hour ; hence J$ gives 0*25 of 1 
hour. 

60)15*00 

0*25 of an hour. 



Ex. 5. Find what decimal of 1 degree is 
8' 37'. 

37* are 2} of 1', or o*6i of i' ; then 1' is A 
of i°; hence 8'*6i are %V of i°, or o°*i43. 

60)37" 
60)8616 

0*143 of a degree. 



Ex. 6. Find what decimal of 1 day is 
3 b 4* m « 

42™ are I j of 1 hour, or 0^7 ; and i> is 
A- of 1 day ; hence 3 h *7 is \l of 1 day, or 
o* 154166, &c. 

60)42* 
H) 37 



0*154166 



7. Find what decimal of 1 mile 
(nautical) is 700 feet. 

There are 6080 feet nearly in a nautical 
mile; hence 1 foot is -^^ of a mile, and 
700 feet are -f^ of 1 mile, which gives 
0*115 °f x buI* nearly. 

6080)700*0(0*115 
6080 



9200 
6080 



31200 
30400 



Ex. 8. Find what decimal of 1 foot is 
8} inches. 

First, f is 0*75 of 1 inoh ; hence 8f inches 
are 8*75 inches. Then, 1 inch is ^ of x 
foot; hence 8*75 inches are *#> or 0729 
of 1 foot. 

«)8*75 



0*729 



Seduction of Decimals. 4$ 



52. Or, reduce the given quantities to the lowest denominations when there are 
more than one, and also the integer to which it is referred, to the same denomination ; 
then divide the given quantity by the integer thus reduce. 



Ex. 2. (Ex. 8 above). 8 inches and 3 
quarters are 35 quarters, and 1 foot reduced 
to the same denomination is 48 quarters ; 
then 35 divided by 48 gives 0*729. 



Ex. 1. (Ex. 7 above). The given 
quantity 700 feet, being all of one denomi- 
nator requires no further reduction. The 
integer 1 mile, reduced to the same de- 
nomination, is 6080 feet ; then 700 divided 
by 6080 gives 0*115. 

Examples fob. Practice. 

1. Express as decimals of an hour i7 m ; 29° ; 42™ ; 25* ; 48* 11 ; and 58*. 

2. Reduce 5* i2 h 25™ 39**92 to decimals of a week. 

3. Beduce 29* i2 b 44 m 2**82 to decimals of a day. 

4. Add together 2*095 hours, '07 days, '05 weeks, and express the same as the decimal of 

365*25 days. 

5. A nautical mile is 6082*66 feet, and an imperial mile is 5280 feet ; express each of these 

miles as decimals of the other. Also find how near the results are to the decimal 
values of §f and \\. 

6. A sidereal day is 23*- 56** 4 a> 09 ; express this as a decimal of a common day — that is, 

of 24 b — and give the result to nine decimal places. 

7. Express as decimals of a day the following quantities: — i2 d 14* 13™ 12 s ; 29* i7 h n m 

45 § J *5 d I 7 b 48 m 54 § ; and 119* s h *9 m I 5 i - 

8. Express as decimals of a degree the following quantities : — 8° 1 1' 15* ; 19 40' 45* ; 

104 16' 7J*; and 82 19' 30*. 

9. If 90 degrees correspond to 100 French grades, how many degrees are there in the 

sum of 41*45 degrees and 41*45 grades. 

10. A metre is 39*37079 English inches, a kilometre is 1000 metres; express as decimals 

of each other a kilometre and an English mile. 

11. If the length of a degree of latitude is 365000 feet, and a metre one ten-millionth of 

90 degrees: find its length in feet. 

12. Express in figures thirty-four and two thousandths, and by it divide 28255662. What 

alteration must be made in the quotient if the decimal part in the dividend be moved 
eight places to the left P 

13. The sidereal year being 365 d 6 h 9 01 9 §, 6, and the tropical year 365 d 5* 48" 11 49 ,, 7 : re- 

duce their difference to the decimal of a tropical year. 

14. Supposing the velocity of electricity be 288,000 miles per second, and the earth's cir- 

cumference to be 25,000 miles : calculate to seven places of decimals the time of 
transmission of an electric telegraph to the antipodes. 

15. A French metre is 39*37 inches nearly: show that a foot is equal to '304 metres 

nearly. 

To find the value in a lower denomination of any decimal of a higher 
denomination. 

EULE XIX. 

i\ Note the number of parts which the unit or integer of the given quantity 
contains of the next inferior denomination, and multiply the given decimal by this 
number; the product is the given quantity expressed in that denomination. 

2 . If this product has a decimal part, multiply this decimal by the number of 
parts which the unit of the present denomination contains of the next inferior de- 
nomination to that just before employed; this product is the quantity which the 
given decimal contains of the next denomination. 

3 . Proceed (if there still be decimals J, in like manner, to the lowest denomina- 
tion in which the decimal is required to be expressed. 
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Ex. 1. Find the number of feet in 0-115 of a m ^ e - 

0-115 

The next inferior denomination to that of miles is here feet,! ^ ^ Q ^ x 

of which the number in one mile is . • J 

^— ^— ^"^— 

230 
920 
6900 

Ans. (in the lowest denomination required) 699-430 feet. 
Ex. 2. find the number of seconds in 0*7 of a minute. 

The next inferior denomination to that of minutes is seconds | v 60 
of which the number in a minute is.., j 

Ant. 42-0 seconds. 

Ex. 3. Find the number of inches and eighths in 0*48 of a foot, 

0*48 
The next inferior denomination to that of feet is inches, of J x 12 
which the number in a foot is j 

5-76 inches. 
The next proposed inferior denomination to inches is eighths, ) * g 
of which the number in an inch is ) 

6-08 eighths. 

Ex. 4. What is the value of '625 of a cwt. ? 

•625 
The next inferior denomination to that of a cwt. is qrs., of ) v 
which the number in a cwt is j X * 

2500 qrs. 
The next inferior denomination to qrs. is lbs., of which the \ v « 
number in a quarter is j X 28 

14*0 lbs. 
F1XAMTT1RB FOB PRACTICE. 

What is the value of 

1. '7768 tons. 4. -225 tons. 7. -2957795 degrees. 

2. 7' 8 54*5 degrees. 5. -3625 tons. 8. 165625 tone. 

3. 64*3825 degrees. 6. 108725 degrees. 9. '530588715 days. 
Find the length of a tropical year which contains 365*242218 days. 

ON LOGARITHMS. 

53. logarithms are numbers arranged in Tables for the purpose of facili- 
tating arithmetical computations. They are adapted to the natural numbers, 
1, 2, 3 .... in such a manner that by means of them 

the operation of Multiplication is changed into that of Addition ; 

. Division Subtraction; 

• • . Involution • ... Multiplication; 

. , . Evolution . ... Division; * 

* No proof can here be offered that numbers must exist possessing the properties under 
which we call them logarithms ; neither can any account be here given of the methods of 
computing such logarithms. The reader will accept the statement that if such numbers 
exist, bearing the properties aforesaid, they are called logarithms. He must also accept tha 
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54. Take any whole numbers, as 18, 813, 6489 ; the first consists of two, 
the second of three, and the third of four figures or digits. Again, in the 
mixed number 739*815, the whole number or integral part (739) consists of 
three digits. 

55. By multiplying a number by itself, one, two, three, &c., times succes- 
sively, we obtain the second, third, fourth, &c., powers of that number ; hence, 
a power of a number is the number arising from successive multiplication by itself 
Thus, 3 x 3 = 9 is the square or second power of 3 ; and 5x5x5 = 125, 
the cube or third power of 5 ; and so on. 

These operations are denoted by means of Indices, or small figures placed 
on the right of the numbers, a little above the line ; thus, 2^=2X2 = 4, 
3» = 3 X 3 X 3 = 27, and 2 5 =2x2X2x2x2 = 32, where the Index 
or exponent denotes the number of factors employed. 

56. When there are a series of numbers, such that each is found from 
the previous one by the addition or subtraction of the same number, they 
are said to be in arithmetical progression. 1, 3, 5, 7, 9, 11, &c, are in 
arithmetical progression. 

57. Again, the numbers 3, 6, 12, 24, &c, are in geometrical progression, 
for each number is formed from the one immediately preceding by multiply- 
ing by 2. If we take the following series of powers, 3 1 , 3*, 3 d , 3*, 3% &c., 
▼e find that the exponents proceed in arithmetical progression, and the 
quantities themselves in geometrical progression. 

58. Def. — Logarithms are a series of numbers in arithmetical progression 
answering to another series in geometrical progression, so taken that o in the 
former corresponds with 1 in the latter. 

Thus, o, 1, 2, 3, 4, 5, 6, &c, are the logarithms or arithmetical series, 
and 1, 2, 4, 8, 16, 32, 64, &c, are the numbers or geometrical series, 
answering thereto — the latter being called the natural number. 

0r> °i *> 2 > 3> 4> 5> * ne logarithms, 
and 1, 5, 25, 125, 425, 5125, the corresponding numbers. 
Or, o, 1, 2, 3, 4, 5, the'logarithms, 

and 1, 10, 100, 1000, 1 0000, 1 00000, the corresponding numbers. 
In which it will be seen, that by altering the common ratio of the 
geometrical series, the same arithmetical series may be made to serve as 

tables which are published, recording logarithms for the several numbers to which they 
profess to belong, though he cannot at present verify the computation of these several log- 
arithms; and he will be informed how he may use these tables to effeot with comparative 
sue many calculations which would otherwise be most laborious. 

The troth is, though it requires for its demonstration higher algebra than this work 
presupposes the reader to be acquainted with, that not only has every number a logarithm, 
W it has an infinite variety of logarithms, constructed, as the term is, on different scales 
or bases. The base of any system of logarithms is denned by the fact that in that system 
Mfty is its logarithm. 

Any number might be used as a base ; but in fact there are only two numbers which are 
ever really used. 

The one is an un terminating decimal, 2*7182818 . . . . , denoted generally by the letter 
f. This is the base of what is called the natural or Naperian system ; and the advantage of 
ft consists in the ease with which logs, are computed, to this base ; but which we cannot 
here explain. 

The other is 10, which is the base in ordinary use, and with this base log. 10 = 1. Log- 
arithms to this base are the only ones which will now be considered in their practical use. 
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logarithms of any series of numbers. As above, when the common ratio of 
the geometrical series are 2, $, and 10 respectively. 

59. The common ratio in the geometrical series corresponding to the 
common difference of 1 in the arithmetical series is called the base of the 
system. Thus, the base of the first specimen exhibited is 2, the base of the 
second is 5, and the base of the third is 10. 

In the specimens just exhibited we have, in each, taken two ascending 
progressions, but they might equally well have been two descending pro- 
gressions, or the one descending and the other ascending. Logarithms, 
however, as now used in practice, are limited to the case of two progressions, 
either both ascending or both descending — the former giving the logarithms 
of integers, the latter of fractional numbers. 

But a better way of considering logarithms is as follows : — 

60. Def. — The logarithm of a number to a given base is the index of the 
power to which the base must be raised to give the number. 

For instance, if the base of a system of logarithms be 2, 3 is the logarithm 
of 8, because 8 = 2 8 = 2XiX2. 

And if the base be 5, then 3 is the logarithm of the number 125, because 
125 = 5* = 5 X 5 X 5. 

There may thus be as many different systems of logs, as we please; but, 
for practical use, it is necessary to select and adhere to one. That usually 
employed now is called Briggf system. 

61. We now proceed to describe what is called the common system of 
logarithms. In the common system of logarithms unity is assumed to be the 
logarithm of 1 o ; that is, 1 o is the constant base. All the logarithms registered 
in the Tables commonly used, are indices of the radix or base 10; a Table of 
logarithms of numbers is in fact nothing more than a Table of the exponents 
of 10 placed against the several numbers themselves. Accordingly — 

is the log. of 1, because 1 = io° 

1 9f 10, „ 10 = io 1 

2 „ 100, „ 100 = 10 s 

3 „ 1000, „ 1000 := io B 

4 „ 1 0000, „ 10000 = io 4 

&c, &c. 

Now, if the above Tables were amplified by the insertion of the logarithms 
of all the numbers between 1 and 10, between 10 and 100, &c, we should 
have a Table of logarithms of all numbers from 1 to 10000; and whatever 
may be the difficulty of determining the intermediate logarithms, it is at 
once easily seen that the logarithms of all numbers between 1 and 10 will be 
o + a fraction, that is, a decimal less than 1 ; of all numbers between 10 
and 100 will be 1 + a fraction, or a decimal between 1 and 2 ; of all be- 
tween 100 and 1000 will be 2 + a fraction, and so forth; or the integral part 
of each intermediate logarithm will be one less than the number of integral 
figures in the quantity of which it is the logarithm. Thus, the logarithms of 
2, 3, 4, &c, to 9, have o as the integral part ; those of 10, 11, 12, &c, to 99, 
have 1 as the integer; those of 100, ioi, 102, &c, to 999, have 2 as the integer ; 
and so forth. Hence Tables of logarithms usually supply only the fractional 
or decimal part; the integral part is always known from the number of 
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integers in the value whose logarithm is wanted. Very few logs, can be ex- 
pressed in terminating decimals, but this causes little inconvenience since a 
log. carried to six or seven decimal places is sufficiently exact for all common 
purposes. 

62. The integers 1, 2, 3, 4, &c, which are the logarithms of 10 and its 
powers (see 61), are chief indices, and the logarithms intermediate to these, 
as for instance 1 778 151 (which is the logarithm of 60) consisting of an integer 
and a decimal fraction, though they are also indices, are usually referred to 
as consisting of an index* and mantissa], the integral part being specially 
termed the index or characteristic, because it indicates, by being one less, how 
many integral places are in the corresponding natural number, and the 
annexed decimal being called the mantissa. 

Example. — In the log. 4*616339, the figure (4) standing to the left of the decimal point is 
the characteristic or index, and the remaining portion ('616339) is the mantissa or decimal 
part. 

63. To find the characteristic of the logarithm of any number greater 
than unity, we have, therefore, the following rule : — 

EULB XX. 

The characteristic of the logarithm of a number greater than unity, i.e., of a 
▼hole or mixed number, is one less than the number of the digits of its 
integer part. 

Thus : the characteristic of the logarithm of 849 is 2 ; for the number 849 is an integer 
consisting of three digits (that is a number between 100 and 1000) and 1 less than 3 is a. 
Also, the index of the log. of 264*96 (which is a mixed number) is 2, since the integral part 
of the number, namely 264 is a number between 100 and 1000, or consists of 3 digits, and 
one less than 4 is 3. Again, 3 is the characteristic of the logarithm of 3847-216, since this 
number has 4 integral digits ; while o is the characteristic of the logarithm of 3*847216, 
once this number has one integral digit. 

Again, the characteristic of the log. of a number of one place of integers (such as 5 or 5*08, 
or 5-0801) is o. Again, every number with two places of integers (such as 50, or 50*8, or 
50*813) is 1. Again, every number with three places of integers (such as 508, or 508*2, or 
50825) has for its characteristic 2, and so on. 

Examples fob Pbactioe. 
Write down the characteristics of the logarithm of the following numbers : — 

1. 365 6. 69710 11. 474000 16. 473*908 

2. 4.8 7. 45-82 12. 425645 17. 54793000 

3- 64375 8. 8640 13. 39 18. 212568 

4. 28*9 9. 75 14- 8 '9' 3*14006 

5. 6 10. 7*265 15. 18 20. 50*7406 

64. It has been shown that in the common system of logarithms (Briggs') 
the log. of 1 is o ; consequently, if we wish to extend the application of logs, 
to fractions, we must establish a convention by which the logs, of numbers 



• In order to avoid confusion from the use of the word '• index " to signify two things, 
we shall throughout this work employ the term characteristic when speaking of logarithms, 
tnd index when speaking of roots or powers. 

t Mantissa, a Latin word signifying an additional handful - something over and above 
so exact quantity. 



wholly decimal, i.e , less than unity, may be represented by numbers lew 
than zero, i.e., by negative numbers. 

Extending, therefore, the above principles'to negative exponents, since 



= A =o-i 


T is the logarithm of ■ 


i in this system. 








= Ttfoft =0-001 


J >. 


MI „ 


= i^od = o-oao 


< 4 n 


30OI „ 



It follows from thia, that when the number ie a decimal with all its digits 
significant, in value between i and -^ ite log. is negative, yet not so small 
as the log. of T ' n , which is — i . Its log. therefore will be something between 
o and — -i, or — r with some positive decimal added. Hence — i is its 
characteristic. "When the number is a decimal with zero as its first digit, in 
value therefore below -,\,- but not so low as -j-^-, its log. is less than — i, but 
not so small as — 2, and so will be — 2 with some positive decimal attached. 
Thus » is the characteristic. The log. of a decimal between - oi and -ooi is 
some number between — 2 and — 3, and its characteristic is — 3 ; of a number 
between -oo 1 and 000 1 its log. is between —3 and — 4, and its characteristic 
is 4; and generally, following this reasoning it will appear that the charac- 
teristic of a decimal fraction may be known from its denoting the place of the 
first significant figure of the decimal, as being the ist, 2nd, 3rd, &c, place 
after the point. 

65. To find the characteristic of any number leas than unity, »'-#., of a 
decimal. 

The characteristics of the logarithms of all numbers less than unity are 
negative, and may be found by 

RULE XXI. 
ZTu characteristic of the logarithm of a number less than unity, and reduced to 
the decimal form, ie negative and one more than the number of cyghere following the 
decimal point. 

A negative characteristic is denoted by writing over it the negative sign 
( — ), thus T, 1, 3, &c* 

Thus the characteristic of the logarithm of '00521 u 3, since the number of cypher* 
following (he decimal point, increased by 1 is 3. 

Similarly the index of log. of 'i;6 it I 

.0156 is 2 

» i> '00046 ia 4 

11 I, '0000007 ir Is 7 

66. But in order to avoid the confusion that might arise by the addition 
and subtraction of negative indices, the following rule is frequently used. 

EtJLE xxn. 

Aid 1 to the number of cyphers between the decimal point and the first significant 
figure, and subtract from 10; the remainder it the index required. 



• The negative sign (— ) is written about the characteristic, thus 1, instead of before it, 

to show that it affect* only the characteristic and not the mantissa, which remuinB positive. 

If it were written in front of the complete loganlhm it would signify that the entura 

"'" m wa» negative, but inch logarithms are never employed in the operations connected 
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IB 


9- 


is 


8. 


is 


6. 


18 


3- 



Thus the characteristic of the log. of '04 is 2 or 8, since 1 added to the number of cyphers 
Moving the decimal point is 2, then 2 from 10 is 8. 

Similarly the index of log. of '140 

» » *o*49 

„ „ -00064 

„ „ '000000721 

(a) If the characteristic of a vulgar fraction is required, it must first be 
reduced to an equivalent decimal fraction, and then the index is found by 
the rule. 

Thus, the index of log. £, or of log. '125 is T or 9. 
„ of log. J*, or of log. '04 is 2 or 8. 

„ of log. 24!,* or 24-4 1. 

Examples for' Pkaotioe. 

Write down the characteristics of the logarithms of the following decimal 
fractions: — 

1. '045 6. 'ooooooi 11. '4537 16. '037299 

2. *9 7. *oi 12. -009 17. -00000052018 

3. '0004 8. *ooo3i27 13. -0000008 18. -000000205379 

4. '6798 9. -02803 14. -000064 19. -5 

5. '0062 10. -7007 15. -000485 20. -0000000000382 

67. The characteristic may also be found as follows : — 

EULE XXTTT. 

Place your pen between the first and second figure, (not cypher), and count one 
fur each figure or cypher, until you come to the decimal point, the number thus given 
will be the characteristic: but observe that if you count to the left you must sub- 
tract the number found from 10, and consider the remainder as the characteristic. 

Thus, in finding the log. of 4-601 7, if you place your pen between the first figure (4) and 
■eeood (6), it mils on the decimal point ; in this case the characteristic is o. Next, in the 

ease of log. of 4601.7, place your pen between 4 and 6, and count 4 6ox '7 . the characteristic 

123 

is 3. Next in the case 4601700, here the decimal point falls behind the last cypher (No. 5). 
Hence, counting as before, we have ] ia JLg» an( l the characteristic is 6. 

Again, in the case of log. -00046017 the first significant figure is 4. Hence, counting, 
ve have ?£?t^ OI7 > tort here we count to the left, so that the characteristic is negative, or 



6017, 



and the 



4, which taken from 10 is 6. Again, in the case of log. of '46017, we, have 4 ' 
characteristic is 7, or 9. 

68. The mantissa of the logarithm depends entirely on the relative value 
of the figures composing the quantity whose logarithm it is, and not at all 
upon the numerical value of that quantity : thus, the mantissa of the log. of 
13 is 'i 1 3943, which is also the mantissa of 1*3, or 130, or 1300, for in each 
case the 1 and the 3 have the same relative value. So the mantissa of a 
logarithm is always the same, if the significant figures remain the same, and 
is not altered by the addition of cyphers to the right or left of these figures, 
or what is equivalent, by the multiplication or division of the quantity by 10, 
or any power of 10 ; it is only the characteristic which alters its value by an 
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alteration in the position of the decimal point, i being added to the character- 
istic for every place the decimal point is removed to the right, that is, for 
every 10 by which the quantity is multiplied; or, i is subtracted from the 
characteristic for every place the decimal point is removed to the left, that 
is, divided by 10. 

The logarithm of 745800 being 5*872622 



that or 74580 is 4*872622 

„ 7458 » 3872622 

745-8 „ 2-872622 

74-58 „ 1-872622 

7-458 „ 0-872622 

•7458 » 1-872622 

or 9*872692 

•07458 „ 2*872622 

or 8*872622 

•007458 „ 3872622 

or 7-872622 

•0007458 „ 4-872622 

or 6*872622 



n 

it 

n 



•> 



ON TABLES OF LOGARITHMS OF NUMBERS. 

69. In Eaper's, Norie's, and the collection of nautical tables intended to 
accompany this work, the Tables of the Logarithms of Numbers are arranged 
so as to give the mantissas of the natural numbers from 1 to 10000. If the 
reader will open an ordinary table of logarithms, such as is contained in the 
above mentioned works, he will find a short table of logs, from 1 to 100 
immediately preceding the general table, and giving the entire logarithm ; 
following which is the general table, on opening which he will find a vertical 
column on the left side of the page containing three digits and ten columns 
of logarithms headed by the digits o, 1, 2, .... 9. These last are fourth 
digits to be attached to the former three, so that the table thus embraces 
numbers from 1 ,000 up to 9,999. Opposite to every such number is a number 
with six places of figures. This is a decimal, though to save printing the 
decimal point is not printed, and it is ijie decimal part, or mantissa, of the 
logarithm of the number to which it corresponds. The characteristics are 
never printed, but are prefixed according to the rules XX and XXI. Hence, 
from suoh a table we can take out the logarithm of any number with any four 
significant digits. 

70. If the number be given, its logarithm may be found as follows : — 
To find the logarithm of a number consisting of not more than two digits, 

i.e., which does not exceed 100, using the short table of logarithms, from 1 
to. 100, preceding the general table. 

RULE XXIV. 

Seek for the number proposed, considered as a whole number, in the column at the 
top of which is No., and the logarithm will be found opposite to it in the next column 
to the right hand. Prefix the proper characteristic (by changing it if necessary) 
to the mantissa, see Rules XX and XXI, pages 49 and 50. The result is 
the logarithm sought. 

Notb. — It may be observed here, once for all, that the proposed number must be oonsidered 
a whole number, and in case a decimal point occurs in the given number, no notice is taken 



On Logarithms. 53 



No. 


Nat. No. 


13- 


94 


14. 


Jor -5 


15- 


1 or -75 


16. 


*'5 


17. 


J or '25 


18. 


•09 



No. 


Nat. No. 


19. 


'0091 


20. 


25-0 


21. 


•024 


22. 


•000035 


*3- 


•000057 


24. 


TtfoTF 



of it till we oome to the insertion of the characteristic ; and should cyphers occur between 
ike decimal point and the first significant figure, these, also, are disregarded in entering the 
table, being only taken into account when determining the characteristic. 

Ex. 1. Required the logarithm of 21, 2*1, *2i, and 021. 

In the first page of the Table, and in one of the vertical oolumns marked iVb., we find 21, 
against which stands 1*322219, the logarithm sought. Since the mantissa of the logarithm 
of any number consisting of the same figures is the same whether the number be integral, 
fractional, or mixed, the logarithms of the numbers 2*1, '21, and '021 will have the same 
decimal part as 21, the characteristic only being changed, consequently the logarithm of 2*1 
100*322219, the logarithm of '21 is 9*322219, and the logarithm of '021 is 8*322219. 

Ex. 2. To find the logarithm of 52, 5*2, '52, and '00052 :— 

In the Tables we find the log. of 52 is 1*716003, and, therefore, simply changing the index, 
the log. of 5*2 is 0*716003, '52 is 9*716003, and the log. of -00052 is 3*6716003 or 6*716003. 

Ho. Nat. No. No. Nat. No. 

'• 5 7- 4i 

2. 9 8. '004 

3. 009 9.. 2-4 

4. *oi 10. 24 

5. *oooi 11. "24 

6. 14 12. *002I 

71. To find the logarithm of a number consisting of not more than three 
places of figures (from 100 to 1000). 

EULE XXY. 

Fmd the given number in the left-hand column of the Table, and opposite it, in 
the next column, mil stand the mantissa or decimal part of the logarithm. Prefix 
the characteristic according to Rules XX and XXI. The result is the 
logarithm sought. 

Note.— When we say " three figures " we mean independently of cyphers either to the 
right or to the left. Thus we should include 6340, 73200, and '00265 under the head of this 
problem. 

Note. — If the number is less than three figures make up three by placing oyphers, if not 
already present (or by supposing them placed), on the right of the number, cyphers so added 
being regarded as decimal ; then proceed as directed in the above Rule XXY. Thus the 
logarithm of 75 is the same as that of 75*0; the logarithm of 8 is the same as of 8*oo; and 
that of '035 is the same as of '0350. 

Ex. 1. Required the log. of 476, 4*76, and '00476. 

We seek in the left-hand column of the Table for 476, against which in the column marked 
at the top, stands the mantissa corresponding thereto ; and this port by the rule is the 
■one for each of the above numbers. Now prefixing the index acoording to the number of 
integral figures in the natural number, we find the log. of 476 is 2*677607 ; of 476 is 
0*677607 ; and of '00476 is 7*677607. 

Again, the logarithm of 576 is 2*760422; thatof 39*4 is 1*595496; that of '0253102*403121. 



No. 


Nat Vo. 


No. 


Nat No. 


No. 


Nat. No. 


No. 


Nat. No. 


1. 


100 


5- 


673 


9- 


896 


'3- 


•0147 


2. 


145 


6. 


794 


10. 


i*47 


14. 


424 


3- 


294 


7- 


982 


11. 


•147 


*5- 


'0000448 


4- 


361 


8. 


4- 80 


12. 


'901 


16. 


448000 



54. On logarithm. 

1%. If the number contains four places of figures, exclusive of final 
cyphers, or cyphers included between the decimal point and the first 
significant figure. 

RULE XXVI. 

Find the first three figure* in the vertical column on the left marked No., and the 
fourth in the horizontal column at the top of the page. Uuder this last, and opposite 
the three figwet, mill be found the mantissa of the logarithm sought. Prefix the 
index according to Bules XX and XXI. The result is the logarithm sought. 

Ex. I. Roquirod thu logarithms of 4587 and of 0-0004587. 

The first three figures (viz. 45 S) being found in the column to the left marked No., and 
the fourth (7} in the line of digits at the top of the page, the decimal part of logarithm 
('661 519) it found in the same horizontal line as the three first figures of the given number, 
and in the same column m the fourth. The characteristic is 3, being one lees than the num- 
ber of mttyert in the whole number ; whence the completed logarithm is 3-661519. The 
logarithm of -0004587 is 4-661519, the characteristic being negative, and one more than the 
number of prefixed cyphers. 

Again, the logarithm of 3470 is 3'S4'33°; thatof 3-491 is 0543074; and thatof 0-3468 is 
7-540079; that Of 74*39 is 1871515 ; that of 315600 Is 5-511648, in which case the mantissa 
of 3156 is taken out since it is the same as the mantiasa of 3156000. 

Ho. Nat. No. No. Nat. No. No. Nat. No. No. Nut. No. 

I. 1000 4, 5431 7. 01011 10. 987-6 

a. 1134 5. 1606 8. 94*87 11. '06S4J 

3. 15-65 6. 1-606 9. 7777 11. -001784 

Kotb. — The foregoing rule may be used not only iu the case of numbers consisting of 
four places of figures, but may be made to include all numbers consisting of less than four 
significant digits, and so enable us to dispense with the Rules XXIV and XXV. Thus, if 
the number consists of less than four figures, make up four by placing cyphers, if not 
already placed (or by supposing them placed), on the right of the number; cyphers so 
added being regarded as decimals. Then proceed to find the mantiasa of the log. by the 
foregoing rule. 

Thus, the log. 75 is the same as the log. of 75-00 ; the log. of S is the same as the log. of 
S-ooo ; and that of -035 the same as that of 03500 (3500 in the tables). 

Although the tables in Baper, None, and the " Nautical Tables " accom- 
pany Lug this work are constructed so that the mantissao corresponding to more 
than four figures cannot be taken out directly, yet the mantissas of numbers 
containing five or six figures can be found from them without much trouble. 

73. If the number consists of more than four figures other than final 
cyphers, or if the number be a decimal fraction, cyphers immediately follow 
ihg the decimal point, we use 

eule xxvn. 

i°. Cut off thefirtt four figure* and etmtider the rest at a decimal. 

2 . Find the mantissa corresponding to the first four figures (Eule XXVI). 

3 . Multiply the tabular difference by the decimal cut off, i.e., by the remain- 
ing figures of the given number, and cut off from the right-hand at many figure* 
at there art in the multiplier, but at the same time adding unity if the highest 
figure thus out offia not less than 5. 

4 . Add the integer part of this product to the figures of the mantissa fust found. 

The result is the mantissa of the required logarithm. 

The characteristic or index is found by Bules XX and XXI, pages 49 and 
50. 



► 
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Ex. 1. Required the logarithm of 28434. 

Tab. diff. Mantissa of 2843 = '453777 

153 Tab. diff. 153 X 4 = 61*2 r= + *>i 

X 4 Characteristic 4 

61,2 or 61 The log. of 28434 = 4*453838 

We seek in the left hand column of the Table for 284 (the first three digits) and also at 
the top of the page in one of the horizontal columns we find 3 (the fourth figure), then in a 
Une with the former and in the column with the latter at the top we have 453777, which is 
the mantissa of 2843. In a line with the quantity in the right hand column marked Diff., 
stands tab. diff. 153 ; which multiplied by 4, the remaining digit of the given number, 
produces 612 ; then cutting off one digit from this (since we have multiplied by only one 
digit) it becomes 61, which being added to 453777 (the mantissa of 2843) makes 453838, and, 
with the characteristic, 4-453838 the required logarithm. 

The logarithm of 284*34 *■ 2 '453^3^> an( * * ne log of '028434 is 2*453838 or 8*453838. 

Ex. 2, Required the logarithm of 12806. 

Tab. diff. Mantissa of 1280 = '107210 

338 Tab. diff. 338 X 6 = 2028 = + 203 

X 6 Characteristic = 4 

202,8 or 203 The log. of 12806 = 4*107413 

Ex. 3. Find the logarithm of 873457. 

Tab. diff. Mantissa of 8734 = '941213 

50 Tab. diff. 50 X 57 = aS^o = + 29 ' 

X 57 Characteristic == 5 

28,50 or 29 The log. of 873457 = 5*941242 

The mantissa of the first four figures is found thus :— opposite the 873 and under 4 stands 
fHU'3; then in the right hand column in a line with this stands the diff. 50, which being 
multiplied by 57, the remaining digits of the given number, makes 2850 ; from this we cut 
off two digits to the right (since we have multiplied by two digits), when it becomes 18 ; but 
ttthe highest digit cut off is 5, we add unity, which makes 29. Then 5*941212 (the log- 
arithm of 8734) + 29 = 5*941242 is the required logarithm. 

Ex. 4. Required the logarithm of 628007. 

Mantissa of 6280 = '797960 Tab. diff. 

Tab. diff. 69 X 07 = 483 = + 5 69 

Characteristic = 5 X 07 

The log. of 628007 = 5*797965 4,83 or 5 

The log. of 628*067 is 2*798006, and the log. of -00628067 is 3*798006 or 7*798006. The 
Mantissa of the log. of each of these numbers being the same, the index only being varied.— 



I. 


38475 


7- 


435'6o 


*3- 


200000 


'9- 


3^5 '5* 


a. 


384*75 


8. 


78*604 


14. 


•056214 


20. 


997*1370 


3- 


"345 


9- 


2*2055 


15- 


•0098563 


21. 


32*1908 


4. 


543*21 


10. 


0*78362 


16. 


643786 


22. 


1*032764 


5- 


66666 


iz. 


10000 


17. 


1129*06 


*3- 


IOOOy^y 


6. 


92448 


12. 


•000800073 


18. 


•998095 


24. 


59 6 '4*3 



74. To find the natural number corresponding to a given logarithm. — 

If the logarithm be given, the number which corresponds to it may be 
found by the following rules, which are the converse of those last given 
for finding the logarithm when the number is given. 
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Since the characteristic denotes how many places the first significant figure 
stands to the right or left of the unit's place ; conversely, therefore, if logs, 
be given having for characteristics 1, 2, 3, .... T, 2, 3, .... there are in 
the integral parts of the number to which these logs, belong, 2, 3, 4, .... 
o, T, 2, .... digits respectively. In illustration of these remarks take the 
following : — 

Log. 4*589950 (in which characteristic 4) gives 38900 

3*589950 3 - 3»9° 

*'5 8 995° 2 • • 389 

i\5*9950 1 .. 3«*9 

°*58995° o .. 3*89 

»58995o\ 7oro .- 8o 

0x9-589950/ I0r 9 •• 3*9 

orr$$} *"* ■• -389 

&o. &o. 

In which it will be observed that the first answer must consist of five 
integers, because the index of the given logarithm is 4 ; that the second 
answer must contain four integers, because the index of the given logarithm 
is 3 ; that the third answer must contain three integers, because the index 
of the logarithm is 2, &c, &o. ; and that the sixth answer must be a decimal ■ 
fraction having the first significant figure in the place of tenths, because the 
logarithmic index is 7; and lastly, that the seventh answer must be a 
decimal fraction having the first significant figure in the place of hundredths! 
because the logarithmic index is 2. 

7 j. From the foregoing it is evident that when the figures of the 
natural number have been found, we must place the decimal point so that 
the number of integral figures may be one more than the characteristic 
denotes. Cyphers must be supplied to the right, if necessary, to make up 
the number. 

If the characteristic is negative place the decimal point to the left of the 
natural number found, along with as many cyphers as may remove the first 
significant figure to that place of decimals which the index expresses ; that is, 
one cypher fewer than the number denoted by the characteristic, whence, to 
find the place of the decimal point proceed as follows : — 

RULE xxvin. 

Add 1 to the characteristic of the given logarithm, and mark off to the left the 
number of figures for whole numbers; the rest (if any) will be decimals. 

RULE XXIX. 

The number corresponding to a logarithm with a negative index is wholly decimal, 
and the number of cyphers following the decimal point is one less than the character- . 
istic of the logarithm. 

But instead of the negative characteristic its arithmetical complement is 
sometimes used, in which case we proceed by 

RULE XXX. 
Add 1 to the index, and subtract the number thus found from 10 ; the remainder 
is the number of cyphers to be prefixed to the figures taken out of the Tables. Place 
the dot before the first cypher* 
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76. To find the natural number corresponding to any given logarithm. 

When the mantissa or decimal part of the logarithm can be found exactly 
in the Table, we proceed by 

EULE XXXI. 

i°. Seek out the mantissa, and take from the column No. the three figures in 
the same horizontal row. 

2 . From the head of the column tale the fourth figure. 

3°. From the characteristic find by the rules already given the position of the 
decimal point, and so adjust the local value of the figures. (Rules XXVULL, 
XXIX, and XXX, No. 75, page 56.) 

(a) When the characteristic of the given logarithm requires a greater 
number of digits to the left of the decimal point than there are in the number 
found by the above rule, the deficiency is made up by adding a sufficient 
number of cyphers to the right. 

(b) If the natural number is a decimal fraction, and the final figure or 
figures are cyphers, they need not be written down. 

Examples. 

Given the logarithm 2*698970 to find the natural number. 

Entering the Table with, the decimal, part '698970, we find the natural number corres- 
ponding to it to be 5, or 50, or 500, or 5000, &c, but as the index of the logarithm is 2, the 
natural number most contain three integral figures. Hence the natural number of 2*698970 
is 50a 

Given the logarithm 3 '5 39954 or 7*539954: find the number. 

Entering the Table with the decimal part, we find the corresponding number is 3467 ; to 
tins we prefix two cyphers, since the index is 3 ; or adding 1 to 7 (8), and subtract 8 from 
10, we have 2, the number of cyphers to be prefixed, and then the decimal point ; hence the 
onmber corresponding to 7*539954 is -0034567. 

When number corresponds the logarithm 4*214314. 

The decimal part of the log. being found opposite 163 and under the figure 8 at the top 
of the page ; therefore the digits of the required number are 1 638. But as the characteristic 
is 4, there must be in it 5 places of integers. A cypher is annexed (see Rule XXXI, (a). 
Hence the required number is 16380. 

Bequired the natural numbers corresponding to logs. 0*176091 and 4*176091. 

(1). The mantissa -176091 stands in the Table opposite 150, and the column with at 
the top ; and the characteristic shows that one of these is integral, whence the number 
•ought is 1*500 or i*5 (see Rule XXVIII, page $6). 

(2). The mantissa of second log. being the same as that of the first, the corresponding 
somber will consist of the same significant figures, but the characteristic 4 shows that the 
first significant figure (1) must occupy the fourth place to the right of the decimal point, 
thence the number sought is -00015. (S 66 Rule XXIX or XXX, page 56.) 

Enquired the natural numbers whose logarithms are respectively 1*813514, 0*303412, 
4"99 t5 993» 1*299943 or 8*299943, 4*000000, 4*000000, 7*816109, we shall find them to be as 
follows : — 

1*813514 = log. of 65*09 



•303412 •= 


• • 


2*OII 


4996993 = 


• • 


993IO 


2-299943 \ _ 

or 8*299943 / 


• • 


#0 '995 


4*000000 = 


• • 


1 0000 


4*000000 =2 


• • 


*OOOI 


7*816109 = 


t* 


65480000 



5« 
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Where it will be observed that the first answer must contain only two integers, as the 
index of the given logarithm is i ; that the second must contain only one integer as the 
characteristic is o ; that the third must consist of five integers, because the index of the given 
logarithm is 4, and therefore to 9931, the number found in the Table, a cypher is annexed, 
(see Rule XXXI, (a) ; and that the fourth answer must be a decimal, having the first 
significant figure two places to the right of the decimal point because tho characteristic is 2 ; 
the fifth answer must consist of five integral figures (a cypher being annexed to make up 
the number) since the characteristic is 4; the mantissa of the sixth log., or -oooooo, gives 
the corresponding natural number 1000, but adjusting the decimal punctuation, or the local 
value of the figures, the characteristic 4 denotes that the first significant figure (1) must 
stand in the fourth decimal place, and, therefore, three cyphers must be prefixed, and the 
natural number will be *oooi — the three final cyphers not being written down. Finally, 
the mantissa of last log. being found in the table gives the natural number corresponding 
as 6548, to which annex four cyphers ; the characteristic 7 determines the number to consist 
of 8 integral figures. 



No. 


Log. 


No. 


Log. 


No. 


Log. 


No. 


Log- 


1. 


0*477121 


11. 


309I3I5 


21. 


2990561 


3 1 - 


7991093 


2. 


O-903090 


12. 


yWsoe 


22. 


4*541579 


3*. 


7*903524 


3- 


0-041393 


»3- 


^•538574 


*3- 


4*722522 


33- 


i'621488 


4- 


1*301030 


14. 


1*394977 


24. 


1744058 


34- 


9-901349 


5- 


0*973128 


15- 


3*845098 


*5- 


1*501196 


35- 


3662758 


6. 


1-161368 


16. 


7 "OOOOOO 


26. 


7*875061 


36. 


4-85«5« 


7- 


0*812245 


17- 


5825426 


27. 


6*602062 


37- 


6T7S15* 


8. 


2-767898 


18. 


5 "602060 


28. 


8*845098 


3«. 


6*913761 


9- 


o*39445 2 


19. 


4*698970 


29. 


3*605197 


39* 


0*004321 


10. 


1*478422 


20. 


5*000027 


3°- 


3-444669 


40. 


5*868527 



77. When, as usually happens, the mantissa cannot be found exactly in 
the Tables, but lies between two successive records in the Tables, and it is 
proposed to find the corresponding number correct to six places of figures, 
other than final cyphers immediately following a decimal point, the number 
is to be found by the method of proportional parts, on the supposition 
that, between two successive records in the table, the number advances in 
proportion to the increase of the logarithm. 

78. To find the natural number corresponding to a given logarithm, when 
more than four figures are required. We proceed by 

eule xxxn. 

i°. Moving found the next lower mantissa in the Tables, note the four figures 
which correspond to il. 

2 . From the given logarithm subtract that taken out of the Tables, divide the 
remainder (annexing as many cyphers as there are digits required above four J by 
the tabular difference,* and reduce the quotient to the form of a decimal. 

3 . To the four figures already found, add this decimal, and shift the decimal 
point to suit the characteristic of proponed logarithm. 

The result will be the required number. 

Note. — It is needless to annex many cyphers to the dividend. We cannot with safety 
carry the natural number to more than six figures when the tabular difference contains 
three, or to more than five when the tabular difference contains only two. 

* iThe tabular difference (Diff.) spoken of here is given at the end of every line in the 
table, and is the difference of the successive logarithms in that part of the table. 
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Given the logarithm 3*543027 to find the natural number. 

Given logarithm 3*543027 

Mantissa next lower in Table '542950 which corresponds to 3491* 

Tab. diff. = i24)*77oo(-62 

744 

260 
248 

Attaching this ('62) to the four figures, we have 349162, &c. The decimal punctuation 
or local value of the figures of the number can now be adjusted, and as the index is 3, we 
obtain, by pointing off four figures to the left, 3491*62 the natural number sought. 

Given the logarithms 5*654329 and 2*654273 to find the natural numbers. 

Given logarithm 5*654329 

Mantissa next less in Table '65427 3 which corresponds to 45 1 1 . 



Tab. 


diff. 


= 96)5600(58 
480 

800 
768 


Ant. 451 158. 


3* 



654273, whioh corresponds with the natural number 45 11, is the logarithm next less than 
the given one ; therefore the first four digits of the required number are 45 1 1. Adding two 
cyphers to 56, the difference between 654273 and the given logarithm, it becomes 5600, 
which being divided by 96, the tabular difference corresponding with 451 1, gives 58 as 
quotient and 32 as remainder. The integer* of the required number (one more than 5, the 
characteristic) are, therefore, 451 158. The mantissa of the second log. being the same as 
the first one, the natural number will contain the same significant figurob, viz., 451 158, but 
the characteristic 2 shows that the first significant figure of the nat. no. (4) must stand in 
the second place to the right of the decimal point ; therefore, tho nat. no. corresponding to 
1-654273 is 0451 158. 

Let it be required to find the number of which the logarithm is 3* 10483 1. 

Given logarithm 3*104831 

Mantissa next lower in Table -104828 which corresponds to 1273. 

Tab. diff, = 34i)3coo(-oo8 

2728 



272 



Therefore, 3*104831 := log. of 1273*009 nearly. In dividing by tab. diff. we take 
nmainder 3 and a cypher, then 341 in 30 goes no times, which we place down in the 
quotient, then taking another cypher we have 300, which contains 341 no times, lastly, 341 
goes into 3000 eight times with 272 for remainder. The remainder 272 being more than 
ball the quotient the last figure of the quotient (8) is increased by 1 or unity. 

No. Log. 

2 5- 6*246631 

26, 1*998813 
or 9*998813 

27, 1*895090 
or 9*895090 

28, 4*93 28 47 
or 6*932847 

*9- 5565942 
or 5'56594» 



tfo. 


Log. 


No. 


Log. 


No. 


Log. 


I. 


2-931214 


10. 


4-994603 


19. 


0*230449 


2. 


3*625343 


11. 


4*9 2 5936 


20. 


1-217845 


3- 


4*851906 


12. 


5-091512 


21. 


3*984671 


4- 


4*36i73 


13- 


2*535 22 4 • 




or 7-984671 


5- 


1*725364 


14. 


3-744726 


22. 


4-463726 


6. 


1-972521 


*5- 


5*83J835 




or 6-463726 


7- 


5-659707 


16. 


2-415671 


*3- 


1-241877 


S. 


5734968 


»7- 


4*841989 




or 8-241877 


9* 


5-823904 


18. 


4-092561 


24. 


6*371000 
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7b find the arithmetical complement* of the logarithm of a number. 
rithmetical complement of a number is the number by which it falls 
the units of the next higher denominator. (If x is any number what- 
in the arithmetical complement of x = 10 — as.) It is abbreviated 

M. 

lost expeditious way of finding the arithmetical complement is as 

BTJLE XXX111 
from the left; subtract every figure from 9 up to the lowest significant 
hich tultractfrom 10. Repeat the cypher* at the end, if any. 
Nheu the characteristic is negative it most be added to 9. 



Find the ar. 



. of 



'•97043 
a) Ar. 00. log. required $"02957 
h we say, beginning at the left hand, i 
om 9, 7 from 9, o from 9, 4 from 9, and 



j. of 3-607118 is 6-391781 
0-714000 .. 9-186000 
J631641 .. 43 68 3S* 



1. Find the ex. 00. of -908654° 
(i) Ar. co. log. required 0-91346° 



fs pi-Meed u before ; t bus 
9fro'mq,ofruln9,8't[tini9,6Ironi9,5fn)m^«Ild 

ee Hulo), n tiiko it bam 10, which lBsroe 6; 
tly, the ayphcr at the end ii repented. 

The ex. 00. of 2170630 is 7-81937° 
. 7-217034 .. 10-781966 
3-178680 .. 12-811310 
L subtraotive quantity is, by this means, made additive. The 
s equivalent to subtracting the number from i o, and the reason of it 
it on considering that to add 3 and subtract 10 is the same as to 
7. In like manner, instead of subtracting \t a 10' for example, we 
17™ 50' (the complement of 60"), provided we subtract i b (or 6o ,B ); 
i any number of quantities, of which some are additive and some 
.ve, may be rendered all additive, provided that the larger numbers 
-e employed in taking the complements be themselves subtracted. 



MISCELLANEOUS 










Wo here insert a collection of numbers, the logarithms of which are 


cen out of the Tables. 








11. 635 


11. _ 844-4 


31 937654 


41. 


10000000 


11. 6390 




31 


5179 


4*- 


-000000062 


13. -1463 


13- °*99 


33 




43- 




14- 3 - &74 




34 




44- 




15- 6 754 


25. 4800 


35 




45- 


5945°° 


16. -0876 


16. 9080-8 


36 


404007 


46. 


88590000 


17- '3467 




37 


500909 


47- 


287-641 


18. 1083 


18. -035872 


38 


48617 


48. 


0-003564 


19. 0115 


19. -00044S 


39 


93'5'4 


49. 


000856736 




30. 4480000 


40 


•032764 


5°- 


65480000 


Etequixed the natural number of the 


following logarithms : 




130 10. 0-565011 


"9- i'954»43 


18. 5-606389 


37 


7-883030 


f68 11. 0-778441 


20. 3-959041 


19 




38 


36i534i 


143 11. 2-769504 


21. 4-705864 


3° 


5881955 


39 


-"■71536+ 


17° '3- i'774'5* 


22. 0*415974 


3' 


1-167317 


4° 


2-617407 


100 14. 5'4"°°4 




3i 


7-875061 


4 r 


3686216 


00 15. 3-000000 


»4- 3 954241 


33 


0-000186 


4= 


0400573 


;9 4 16. 6-394452 


25. 3-716003 


34 


* - 9473>i5 


43 


5-001559 


;6i 17- »"4'j674 


26. 5654143 


35 




44 


4"3* '547 


i4 18. 1-18859. 


' 17- 0434394 


36 


0-763947 


45 


0-875061 



A very curious and valuable artifice, diaoovered by GnuiiB about 1614. 
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83. Finally, we recommend the student to commit to memory the follow- 
ing table of logarithms to two places : — 

No. Log. No. Log. No. Log. 

1. 00 4. 60 7. 85 

2. 30 5. 70 8. 90 

3. 48 6. 78 9. 95 



MULTIPLIOATION BY LOGARITHMS. 
84. In multiplication we proceed by 

KULE XXXIV. 
i°. Find the logarithms of the numbers, the product of which is required. (For 
the method of taking out the log. of a number see pages 52 to 55.) 

Note. — If any of the quantities is a decimal, either the negative characteristic of that 
quantity or its arithmetical complement is to be used (Rules XXXI and XXXII, page 50.) 

2 . Add these together, the sum will be the logarithm of the product. 

3 . Find from the Tables the corresponding number. (For the method of 

finding the corresponding number to a log., see pages 57 to 58.) 

This will be required product. 

Nora 1. When the characteristics are negative and subtracted from 10 (see Rule XXX, 
page 56), if the sum of such characteristic exceeds the Bum of tens borrowed, the produot 
▼ill "be a whole number ; otherwise it will be a decimal. 

Note. 2. When the characteristics of the logarithms to be added are all positive, it is 
evident that their sum will be positive. 

Kotb 3. If the characteristics are all negative, their sum diminished by the figure — if any 
—carried from the sum of the mantissa or positive decimal parts will be negative. 

Note 4, If some characteristics are positive and the others negative, find the sum of the 
positive characteristics together with any figure which may be carried from the decimal 
pert of the logarithm ; also add the negative characteristics together ; subtract the less of 
these quantities from the greater and prefix to the difference the sign belonging to the 
greater; But if a positive and a negative characteristic are exactly equal to each other, 
cancel both ; this is done in practice by simply drawing the pen through them. 

Examples.* 



1. Multiply 77 by 100. The log. of 77 
and 100 being taken from the table, we have 
77 log. 1*886491 
100 log. 2*000000 

7700 log. 3-886491 

We have here added the logs, of the given factors, 
ttd baring sought in the Table for the mantissa 
'886491, we have found the figures of the nat. no. 
corresponding to be 7700; the index 3 determines 
fow of thes e to be integral : hence the product is 
7po {Sole XiVLLL, page 56). 

3. Multiply 378 by 50. 

378 log. 2-577492 
50 log. 1*698970 

18900 log. 4*276462 

The mantissa of log., via., '276462, is found exactly 
in the Table in a line with 189, and under o ; but as 
uncharacteristic 4 requires 5 digits in the integer 
part, we therefore add a cypher (o), which gives 18900 
as the nat. no. corresponding to the proposed log. 
This is according to Rule XXXT (a), page 56. 



2. Multiply 97 by 83. The log. of 97 
and 83 being taken from the Table, we have 

97 log. 1*986772 
83 log. 1*919078 

8051 log. 3*905850 

We add the logs, of the given factors, and then 
seek in the Table for the mantissa '905850, which 
corresponds to the natural number 8051 ; the index 
3 determines four of these to be integral ; hence the 
product is 8051 (Rule XXVIII, page 56). 

4. Multiply 3456 by 500. 

345-5 log. 3*538574 
500 log. 2*698970 

1728000 log. 6*237544 

The characteristic 6 requires 7 digits in the integer 
part of product, we therefore annex 3 cyphers which 
give s 1728000 as the nat. no. required. (See Rule 
XXXI, (a), page 56). 



9 In these examples, and for several of the subjoined Exercises, the logarithmic is more 
tedious than the ordinary method of calculation ; the purpose here intended being simply 
to make the student familiar with the process of finding products logarithmically. It must 
be remembered too, that by the logarithmic process, we generally obtain only an approxi- 
mate value of the required result. 
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5. Multiply 963 by 48*9 by common 
logarithms. The log. of 963 and 48 9 being 
taken from the Table, we have 

963 log. 2*983626 
48*9 log. 1 '689309 

log. 4*67*935 
(next lower in Table) '672929 gives 4709 



Product 47090*7 



92)6*00(06 
55* 



"We have here added the Ion. of the given factors 
together, and having sought for the given mantissa 
'672035, which is not to be exactly found in the 
Tables, we obtain the next less mantissa '672929, 
which we subtract from the given mantissa; the 
difference is 6, to which two cyphers are annexed, 
and then we divide by the tabular difference 92, 
whence we obtain 07 nearly; the remainder, 48, 
being more than half the divisor, 1 is added to the 
last figure in the quotient (6) ; attaching these to the 
four figures obtained preriously, we have 470907 ; the 
characteristic 4 determines five of these to te_ in- 
tegral ; hence the product is 470907 (Rule XXVIII. 
page 56). The multiplier containing on* decimal 
place, the product is worked out to one plaee of 
decimals. 



8. Multiply 29*42 by 8*6 by common 
logarithms. 

29*42 log. 1*468643 
8-6 log. 0-934498 

2*403141 
(next lower in Tab.) 403120* gives 2530 

Product 253*012 171)2100(12-*- 

In this instance the characteristic of the log. of tho 
product is 2, hence the integral part of the natural 
number must contain 3 figures ; but since there are 
decimals in both factors, there must be decimals in 
the produot — as many decimal places as there are in 
both the multiplier and multiplicand together. In 
29-42 are two decimal places, and in 8'6 one ; hence 
in the product three decimal places are required, 
making, with the three integral figures, in all six 
places. Now the next lower mantissa found in the 
table gives the four corresponding figures 2530, leav- 
ing two figures to be found. (See Rule XXXII, 
page 58.) 

* This log. is token from Norie, and is incorrect in 
the last decimal figure, which ought to be x, as given 
in Raper*s table ; the true log. being '403x2052. 



6. Multiply 734 by 23. 

734 log. 2*865696 
23 log. 1*361728 

log. 4*227424 
(Next lower mantissa) 227372 corresponds 

to 1688 

Produot 16882 258)520(2 

516 



Multiply 498 by 376. 

498 log. 2*69722 
376 log. 2*57518 



187248^.5*272417 

306 

DifF. 232) 1 1 100(48 nearly 

9. Multiply '0567 by '00339. 

Both multiplier and multiplicand being decimals, 
the characteristics of these factoro will be negative, 
but instead we use their arithmetical complements, 
thus:— 

0567 log. 8*753583 
00339 lo g- 7*53 0200 

'0001922 log. 6*283783 

Here 10 is borrowed to find the characteristic both 
of the multiplicand -0567. and the multiplier -00339 
(8ee Rule XXII ; page 50). The sum of the charac- 
teristics, including the 1 carried from the decimal 
Sort of the log., amounts to 16 ; reject 10 and write 
own 6 for the index of the log. of product. Then, 
seeking in the Table for the decimal part, via., 
•283783, the natural number corresponding to it is 
found to be 1922 ; and since the sum of the indices 
16 is 4 less than the 20 borrowed, (see Rule XXXIV, 
Note x, page 61) the product is a decimal fraction 
and tho first significant digit must stand in the 
fourth decimal place ; hence the product is 'oooio^a. 

Or thus — using negative indices : 
•0567 log. 2*753583 
•00339 lo S' 3\53° 20 ° 

•0001922 log. 4*283783 

In adding, when we come to the places of tenths, 
the process is 5 and 7 are 12, 2 to put down and 1 to 
carry, andjrinoe the characteristics are both negative 

num- 




because the index being 4 tho first significant figure 
of product must stand in the fourth place from the 
decimal point. 



10. Multiply 99*9 by 8*63. 

99*9 l°g- « "9995*5 
8*63 log. 0*93601 1 

862-136 log. 2*935576 

5S* 



5,0)180,0 
36 



1 1 . Multiply 436 by 1 9*7 . 

436 log. 2*639486 
19*7 log. 1*294466 

« ^^^ 

8589*2 log. 3*93395* 

43 



51)90(2 nearly 
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12. Find the product of 073 by -00028 
by logarithms. 

•073 log. 8*863323 
•00028 log. 6*447158 

•00002044 log. 5*310481 

Or, using negative characteristics, thus : — 

•073 log. 2*863323 
•00028 log. 4*447158 

•00002044 log. 5*310481 

In adding, when we come to the place of tenths, 
the process is 5 and 8 are 13, 3 to put down and 1 to 
cany; and thus 1 being a positive quantity. Hence, 
in the above, 4-1, — 2, and — 4 are to be algebraically 
added together to form the new characteristic. The 
ram of the two characteristics (both negative) viz., — 
1 and— 4 is — 6, which diminished by 4- 1 leaves — 
c for th« new characteristic. We prefix four cyphers, 
because the characteristic being 5 shows that the 
frit significant figure must stand in the fifth decimal 
place, (Rule XXIX page 56). 

14. Multiply "0172 by '00214. 

•0172 log. 8*235528 
•00214 log. 7'33°4H 

•000036808 log. 5*565942 

In tins instance 10 is borrowed, in finding the in- 
dex of the log. both of the multiplier and multipli- 
cand, and 10 is rejected from the sum, which sum (15) 
bongs '«*» than the amount borrowed (20), indicates 
tntt the product must be a decimal fraction, and the 
prtt tifn\ficant digit stands in the fifth decimal 
place; hence the product is '000036808. This is 
according to Rule XXXIV, Note 1, page 61. 

Or thus — using negative indices : Ex. 14. 

•0172 log. 2*235528 
•00214 log. 3, 33 4 x 4 

•000036808 log. 5*565942 

The characteristics of both logs, being negative, 
the turn of them is taken, and this, with the negative 
■gn over it, is put down as the characteristic of the 
log. of product. We prefix four cyphers to the num- 
W taken out of the table, since the characteristic 
hang 5, the first significant figure of the product 
anst stead in the fifth place from the decimal point. 



13. Multiply 24000 by '000783. 

24000 log. 4*380211 
•000783 log. 6*893762 

18*7919 -flog. 1*273973 

Here 10 was borrowed in determining the index of 
the log. of '000783, and since the sum of the indices 
(including 1 carried from the decimal part of log.) is 
eleven, we reject or pay back the 10 borrowed, which 
leaves 1 for the index, and the nat. number corres- 
ponding is found to be 187910, and we mark off to the 
right two figures (1 more than the characteristic) 
whence the answer is 18*7919+- 

Or thus — using negative indices : Ex. 13. 

24000 log. 4*380211 
•000783 log. 4*893762 



18*7919 -flog. 1*273973 

Here the 1 which is carried after adding 1, 8, and 
3 (in the place of tenths), instead of increasing the T 
leaves T. This is according to Rule XXXIV, Note 
4, page 61. 

15. Required the product of 17*25, 0*82, 

and 0*065. 

17*25 log. 1*236789 

'82 log. 9*913814 

•065 log. 8*812913 

0*919425 log. 9*963516 

Here xo is borrowed, to find the characteristics of 
log. both of the second and third factors, and sub- 
tracting the sum of the indices 19 from 20 leaves 1 ; 
the sum being lets than the number borrowed, the 
product is a decimal, and hence the first significant 
figure must occupy the first placo to the right of the 
decimal point. (See RuleXXXIY, Note x, page 61.) 



Or thus: — 



17*25 log. 1*236789 

'82 log. 1*913814 

•065 log. 2*812913 



2. 

3- 

4- 

5- 
6. 

7- 
8. 

10. 
11. 
12. 

>3. 



0*919425 log. 1-963516 

Here we have 1 to carry from the mantissa, which 
added to the positive characteristic x (characteristic 
of log. 17*25, see above) makes positive 2, Now the 
sum of the negative indices is T (negative 3), and, 
therefore, since where one is positive and the other 
is negative tho_differenoe is the characteristic; we 
have -j- 2 from s leaves T for the characteristic, (see 
Rule XXX TV, Note 4, page 61I and the first signifi- 
cant figure of the quotient must occupy the fi rst pla ce 
to the right of the decimal point (Rule XXVIII, 
page 56). 

Examples fob Practice. 

Multiply by logs. 85 by 70 ; 39 by 27 ; 100 by 10 ; and 369 by 9. 

Multiply 538 by 1*74; 601 by 18 ; 250 by 12*5 ; and 3964 by 7. 

Multiply 20*42 by 0*5 ; 3*646 by 0*75 ; 2*745 by 0*24 ; and 5*792 by 6'^. 

Multiply 5671 by 4*7 ; 517 by 659 ; 60*609 by 72 ; 1*955 by 10*04 i *Dd, 758875 by 8. 

Multiply 127 by 304; 476 by 100; 80*08 by 5*98 ; 5760 by 30; and 970 by 630, 

Multiply 37 -6 by 249; 44*4 by 22*2 ; 182*7 by 250; 2807 by 200; and 63*055 by 84. 

Multiply 280054 by 50; 30967 by 90; 23716 by 350; and 45670 by 690. 

Multiply 82*33 by 15*3 ; 47-6 by 6*82 ; 10000 by 10 ; and 4*02674 by '0123456. 

Multiply 78960 by 400 ; 756*875 by 8 ; 94*055 by 74; and 1975 by 10*76. 

Multiply 732 by 543 ; 58*7 by 66*4; 3000 by 100*14; and 60060 by 700. 

Multiply 543*29 by 3800*62 ; 90*43 by 712*2 ; 87*305 by 4*09 ; and 209*36 by 46. 

Multiply 348*25 by 7*125 ; 498256 by 41-2467 ; 56*3426 by -023579 ; -123456 by 26813-9. 

Multiply -0001468 by '000395; 0*0006 by 10*0004; '605- by '00000091; and 35*691 
by '0048. 
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Multiply -00146 by "039 ; 5900 by '00071 ; 4*189 by '00071 ; and 247*55 D Y 56*72. 

Multiply 527*45 D 3" i'6938 ; 10-5526 by 317-145 J '007461 by -3351767 ; and '0700379 
by -0086752. 

16. Multiply 'i by 'i ; '0001 by *ooooi ; -on by i*oi and -ooioi ; and 1000 by 100. 



14. 
*5- 



DIVISION BY LOGAMTHM8. 

85. In division we proceed by 

BULE XXXV. 
i°. Find the logarithms of the numbers the quotient of which is required. 

Dote. If the dividend or divisor, or both, are decimals, the negative characteristic of 
of that quantity, or its arithmetical complement is to be used. 

2 . Subtract the logarithm of the divisor from that of the dividend, f adding 10 
to the characteristic of this last, if required J ; the difference will be the logarithm 
of the quotient. 

3 . Find from the Tables the corresponding number. 

This will be the required quotient. 

Note i. When the divisor is greater than the dividend, the characteristic of the log- 
arithm of the quotient will come out negative — the quotient itself being, evidently, a decimal; 
but if we wish to avoid the use of negative characteristics it will be necessary to add 10 to 
the characteristic of the dividend when subtracting the logarithm of the divisor, and the 
characteristic of the remainder is the arithmetical complement of the negative characteristic 
of the quotient. (See Ex. 4, 5.) 

Note 2. If, for the sake of convenience, the line containing the quantity to be subtracted, 
when the quantities have been written down one under the other, is called the take line and 
the quantity from which it is to be subtracted the from line, then subtracting in the usual 
way until we come to the characteristics ; if their signs are alike take the difference of them, 
and if the /row line is the greater t prefix to the remainder the given sign ; but if the take line 
is the greater prefix the contrary of the given sign. If the signs are different, take the sum 
of the characteristics and prefix the sign of the from line. The figure borrowed when 
subtracting the decimal part of the logarithm, when carried to the characteristic, is always 
to be added, and therefore make a negative characteristic less, thus 2 carried to 5 makes it 3. 

Note 3. Otherwise, if one or both of the given terms are decimals, remove the decimal 
points till the factors contain whole numbers, and the dividend the greatest ; then if the 
dividend be more places removed than the divisor, remove the deoimal point of the quotient 
as many places to the left hand, but if the divisor be more places removed, then remove the 
decimal point of the quotient as many places to the right hand. If the dividend and divisor 
be equally removed, the quotient is not to be altered. 

Examples. 



1. Divide 3192 by 76. 

The log. of 3192 is taken out according 
to Rule XXVI, page 54, and the log. of 76 
by Rale XXTV, page 52. 

3192 log. 3*504063 
76 log. 1*810814 

Quotient 42*0 log. 1-633249 



3. Divide 579416 by 4324. 

Log. of 5794 = 7 62 97 8 Tab. diff. 75 
Parts for 16+12 X 16 



Log. of 579416 = 5-762990 



579416 log. 5762990 
4324 log. 3-635886 




12,00 



134*0 log. 2*127104 



2. Divide 830772 by 982. 

The log. of 830772 is taken out by Bnle XXVII, 
page 54. We seek in the left hand column of the 
Table (No.) for 830 (the first three digits), and also 
at the top or the page in one of the horizontal columns 
for the fourth figure 7, then in a line with the first 
and under the latter we have 919444. In a line with 
this quantity and in the right hand column marked 
Diff. stands 52, which multiplied by the remaining fig- 
uresof the nat. number, ris. 72, produces 3744; then 
cutting off two digits from these (since we multiplied 
by two digits) it becomes 37, which being added, to 
910444, the mantissa of 8307, makes 919481, and with 
the characteristic 5, is 5-919481. The work will 
stand thus : — 

Log. 8307 = 919444 Tab. diff. 52 
Diff. for 72 + 37 X 72 



9 1948 1 




830772 log. 5'9 x 948i 
982 log. 2-992111 

Quotient 846*0 log. 2*927370 



37,44 
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4. Divide 34 by 582. 



34 log. 1-531479 
582 log. 2 764923 



Quotient '05842 log. 8*766556 

In this instance 10 is added to the characteristic 
of the dividend to enable the subtraction of the log. 
of divisor to be made, and to avoid negative charac- 
teristics; the quotient therefore is a decimal. 

Or thus, using negative characteristic. 

34 log. 1-531479 
582 log. 2766923 

•05842 log. r-j66ss6 

la this example, when carrying 1 to the character- 
istic z, we hare to subtract 3 from 1 which gives — 2 
(negative 2) ; or, according to Note 2, the character- 
istics having like signs (+) their difference is taken, 
isd the take line being the greater, prefix to the 
remainder a contrary sign ( — ) to the given one. 



5. Divide 3672 by 51000. 

3672 log. 3*564903 
51000 log. 4-707570 

Quotient '072 log. 8*857333 

Here 10 is added to the characteristic of the divi- 
dend before subtracting log. of divisor. The divisor 
being greater than the dividend the quotient is 
evidently a decimal. 

Or thus, using negative characteristics :— 

3672 log. 3-564903 
51000 log. 4'7°757° 

•072 log. 2*857333 

In this instance, when carrying 1 to the character- 
istic 4, we have to subtract 5 from 3, which gives 
— 2 (negative 2) ; or by Note 2— Take the difference 
of characteristics, as they are of the same sign (+)» 
and prefix a contrary sign ( — ) to the remainder, the 
to&e line being the greater. 



• 



6. Find the quotient of '09983 -f- '67 

•09983 log. 8*999261 
■67 log. 9826075 

•149 log. 9-173186 

Before subtracting the log. of divisor from that of 
the dividend 10 must be added to the characteristic 
of the dividend; or, using negative characteristics 
the work will stand thus :— 

•09983 log. 2*999261 
•67 log. 1*826075 

•149 log. 1*173186 

la this instance both characteristics are of the same 
■Urn (— ), the from line the greater : the character- 
istic of log. of quotient is marked with sign ( — ). 



7. Divide -01958 by -4828. 

•01958 log. 8*291813 
-4828 log. 9*683687 

•04056 log. 8-608126 

Here 10 has to be borrowed in subtracting the log. 
of divisor from that of dividend ; or using negative 
characteristics the work will stand thus : — 

•01958 log. 2*291813 
•4828 log. 1*683687 

•04056 log. 2*608126 

To obtain the characteristic of the quotient (T) the 
1 that is carried, and which is positive, is added to 
the 1 jproducing o, which has then to be subtracted 
from 2 , leaving 7, 



V 



f/ 8. Divide 18*792 by -000783. 

Log. 1879 = *739 2 7 
Diff. for 2 = -+- 46 



DiiF. 232 



log- 18*792 = 1*273973 

Log. 18*792= 1*273973 
Log. -000783 = 6*893762 



46,4 



Log. 24000 = 4-380211 

Or, using the negative characteristic of 
divisor. 

Log. 18*792=1*273973 
Log. '000783 = 4*893762 

Log. 24000 = 4*380211 

In the subtraction it will be seen that carrying 1 
to the «, we say 1 and 4 make 5", and ? taken from 
1 leave* -f 4. *The characteristics being of different 
names, 4- and — , their sum is taken, and the re- 
mainder takes the name sign as the from line — in 
th>sca*e it is positive {+). In writing down the 
result the + is left out. 



9. Divide 26843 ^7 '03010. 

Log. 2684 = 428782 Tab. diff. 162 
Diff. for 3 = + 49 X 3 

Log. 26843 =z 428831 

26843 l°g* 4*428831 
•03010 log. 8*478566 

89I794l0g.5*95O265 

219 




49)4600(94 nearly. 
Or thus : — 

26843 1°?* 4*428831 
•03010 log. 2 478566 

89179410^5*950265 

Here the characteristic of the second log. is T t 
but following the rule, we have changed it to posi- 
tive 2. The characteristic ot firbt log being positive 
4, the two are added, the sum being positive 6, but 
having borrowed 1, the correct characteristic is 5, and 
being positive, the quotient will contain 6 integral 
figures. 



places of figures ; ■ 



4000000 log. 6-601060 
dond, tho . |uo- 

' ' hnmo:oi-:-lir: 

„_«•; cypher* an therefore annexed to 

make up (he required nomber. 

Or, Log. S = T-yojayo 

Log. 'ooooooi 2 7'30iojo 

Log. 4D00000 = 6601060 
ie chflraelf.rUtira tue both negative, take their 1 
mice, and prefix to the remainder the oontnu-y ' 
to the given one, aa the taJu one la the greater* 

u. Divide 469-76 by 0-937. 

469^76 log. 2-671877 
o-937 l°B-997'74° 
Quotient 501-345 log. 1-700137 
Or, 469-76 log. 1-671877 
o - 937 log- ''97I740 

501-345 log. 1-700137 



ivide "011550 by 1004000. 

-011550 log. 8-098644 
1004000 log. 6-001734 

-0000000135 log. 1-096910 
Or, '011550 log. 1098644 
1004000 log. 6-001734 

'0000000115 log. g'096910 
acteristio or the dividend ia T, that of the 
tire 6: then according to Note 1, tho idgim 
In, take the ium of the charactoriaUca, 
le sign of the/rom line ( — ). 



11. Divide -00S 15 by *oooi75. 

0-00815 log. 7911158 

0-000175 Io 8- 6'439333 

Quotient 19-6363 log. (-471815 

Or, -00815 '°S' I'9' ' -S-* 
'000175 log. 4439331 

19-6363 log. i'47'8i5 

The index of the diviaorT being suppoaed ehannd 
to poativc 4, tho difference between which and a" 
dtive 1 for indei of quotient Or, pi 



indicate* that it consist* of 8 places of flgurea ; 
nex cyphers to make up the number. 
Or, 6 log. 0778151 

0000001 log. r 

60000000 log. 7-778151 

15. Divide -017471 by 3-434. 

Log. 1747 = "438859 Diff. 158 
Diff.for 2= + 32 X 1 



Log. -008000 = 7903091 
Or, using negative characteristics, thus 
Log. -01747 = 1-438891 
Log. 3-434 = 0-535800 



Examples fob Psaotiob. 

de 6391 by 77 ; 11636 by 36 ; 6384 by 76 ; and 93750 by 750. 

:de 9504000 by 98 ; 45000 by 9; 6071000 by 8; and 58469 by 98:. 

de 381*746 by 593; 118432 by 495; 300360 by 100-12 ; and 365-55 by 5-5. 

ide 783154 by 150689; -79631 by 019354; -0091851 by -0003461; and '654831 

by •4745 1 - 6 - 
:do -0008464 by 0002852 ; '05816 by 95381 ; 019354 by "79*3 ■• > '0003461 by 

■0091851 ; -00005 DV *"5i by i$i an ^ by -0000015. 
ide 77000000 by 9999 ; 680300 by 681500; ioo'ooi by 10012 ; and 75759-6 by 

de 1-31704 by -0358; -7 156 by 168878; 87641 by -000368; and '563416 by -023574. 
da 999999 by 10101; 57634'! by 2764; 69-7565 by -97564; and 352740 by 56780. 
de 40048000 by 800 ; mi3iooby 340; 1869210 by 90; and 1875000 by 15000. 
de 751484 by 859 ; 147391 by 440; 1962820 by 1004; and S8SSSS by 8S000. 
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ii. Divide 248-25 by 364-87 ; -235316 by 293*864 ; 5*6949 by 53*058 ; 3876000 by 1200 ; 
and 42 by -00007. 

12. Divide 2064840 by 3800-62; 33248100 by 830000; 13-5056 by "734; and 674*80 

by -0763. 

13. Divide -06314 by '0007241 ; -004728 by 0*2382 ; 36*49 by 192*24; '048869 by '0071698. 

14. 19 -f- 72 ; 19 -4*" 7 2 » *'9 "f" "I 2 \ l 9 "T* '0072 ; 6 -£- '0000003 ; and -9 -*- -0000003. 

15. "01237 -7- - 10846; 28*7642 -f- '083456; -oiooii -£- 0993 ; and -048869 -7- -0071698. 

16. *i -f- '000457 2 ; 1 -{--0011636; ii'222i -7- 11 1 ; 4000-7- -000125 ; and '562625-7-52643. 

17. 'oooi -^ -oooi ; 1 000000 -7- *ooooooi ; 10 -7- 100 ; *oooooooi -7- *oooooi ; 1000 -£- -fa. 

86. When it is proposed to find the value of an expression in which both 
multiplication and division are signified, the sum of the logarithms of the 
factors of the dividend, diminished by the sum of the logarithms of the 
factors of the divisor will be the logarithm of the value required. 

209 X 573 X 63 

Thus: to find the value of __ 209 log. 2*320146 

287 X 2101 573 log. 2-758155 



287 log. 2-457882 



63 log. x -799341 



2101 leg. 3*322426 6*877642 

5-780308 



5*780308 



Ans. : 12*5122 log. 1*097334 



87. It is very often expedient to transform the logarithm of a divisor into 
that of a multiplier, and it is customary, in such calculations, to avoid not 
only negative logarithms, but negative indices also, by substituting for a 
subtraction logarithm its arithmetical complement (See No. 79, page 60 J. This 
makes the operation consist of a single addition ; only we must diminish the 
result by subtracting 1 o for every arithmetical complement that has been used. 
By this means the process of division is less open to error from mistakes 
when logarithms with negative characteristics would be subtracted.* 

To apply this method to the example above : Having found in the table the log. of the 
diviior 287, we may at once transform it into the addition logarithm 7*5421 1 8, and similarly, 
far the log. of 2101 we may write 6*677574, and then the calculation will proceed con- 
tinuonsly as follows : — 

209 log. 2*320146 

573 log. 2-758*55 
63 log. 8*799341 

* 287 ar. co. 7-542118 — 10 

2 1 01 ar. co. 6-677574 — 10 

ro 97334 -Aw. : 12-5122. 
'3- 7 X 8'73 8 4 X '00769 X 683 8*4 X -0769 X '00683 

549 6 3 59 8oo # X "00146 X "039 598 X '0000146 X '0039 

14 67-038 X '010705 X 4*1525 28*045 X 1*3564 X '0942537 

•7854 X rHi6 X -086725 48-375 x 271828 X 52359 

15. Divide -06314 X 743 8 X 102367 by -007241 X 12*9476 x -496523, and compare 
the result with the prodnct of 871979 X '057447 X '0206168. 

• To divide by any number n is the same in effect as to multiply by its reciprocal * 
(that is, the quotient of unity by that number). Therefore to subtract log. n is the same in 
•fleet as to add log. £ = o — log. n. 
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88. Degree of Dependence. — The number of places of figures which may 
be obtained in a result derived from any table of logarithms, is the same 
usually, rejecting prefixed cyphers, as the number of decimals to which the 
logarithms are carried. But towards the end of the Table the last place thus 
obtained cannot always be depended upon within a unit, that is, provided the 
mantissa of log. is greater than "9388. Thus, for instance, the log. 37575 
corresponds to the no. 5721 and the log. 37576 to 5722, nearly. 

This remark should be kept in mind, because it is mere waste of time to 
employ more figures than are required to insure a certain degree of precision 
in the result. 



TRIGONOMETRICAL TABLES. 



89. There are two kinds of trigonometrical tables ; the first, called the 
Table of Natural Sines, Cosines, See., contains the numerical values of the sines, 
cosines, tangents, &c, that is, of the trigonometrical ratios for each given value 
of the angle; the second, called the Table of Logarithmic Sines, frc, contains 
the logarithms of the numbers in the first Table.* 



TABLE OP NATURAL SINES, &o. 

90. The trigonometrical functions or ratios are numbers which are capable 
of being calculated from geometrical principles, and accordingly certain series 
have been investigated, and certain algebraic expedients devised for the 
general purpose of determining the trigonometrical ratios. With such aid 
the sines, cosines, &c, of all angles from o° to 90 (i.e. for all values of A, 
from A = o up to A = 90) have been computed to several places of decimals 
and arranged in tables called Tables of Natural Sines, Cosines, §c. In 6ome 
tables the angles succeed each other at intervals of 1", in others at intervals 
of 10"; but in ordinary tables (as Table XXVI, Norie) at intervals of i', and 
to the last mentioned we shall refer. 

9 1 . The statement of the method by which such tables are constructed is 
unsuitable to the pages of the present work. The mode of using them in 
computation we shall now proceed to explain. 

92. The arrangement of this table will be understood from a simple 
inspection. It contains the sines, cosines, &c, of angles between zero and go°, 
generally for every minute, and the fluctuations of angles containing a number 
of degrees, minutes, and seconds, have to be found by interpolations similar in 
their nature to those that are required to be used in tables of logarithms of 
numbers. This interpolation is based upon the supposition that the differ- 



* The usual trigonometrical tables are given in conjunction with tables of logarithms, 
and they more frequently give logarithms only than sines, cosines, &c, themselves. When 
logarithms were invented they were called artificial numbers ; and the originals for which 
logarithms were computed, were accordingly called natural numbers. Thus, in speaking of 
a table of sines, to express that it is not the logarithms of the sines which are given, but 
sines themselves, that table would be called a table of natural sines; and the logarithm* of 
these would be called not kgvritAme qf tm$$ but teyuritkwm mtm, f* 
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en^es of the sines, &o , are proportional to the differences of the angles, and 
this proportion, though theoretically inexact, gives, in general, a sufficient 
approximation, provided the difference of the angles of the table are 
sufficiently small. 

93. Referring to the Tables (Table XXVI, Norie), it will be seen that the 
degrees are given at the top of the column, and the minutes down the le/t 
hand side of the page, for the sines. 

And, for the cosines, the degrees are given at the bottom of the page, and 
the minutes up the right hand side of the page. 
The difference of the trigonometrical ratios for 100" are given at the foot 

94. In using these Tables, we have either to find the sine, cosine, &c, of 
an angle whose value is given in degrees (°)> minutes ('), and seconds (") ; or 
to find the corresponding angle in degrees, minutes, and seconds. 

of each column. 

95. If the value of the angle be given in degrees and minutes only, the 
sine, cosine, &c, is found directly from the Tables, in which are registered 
the values of the trigonometrical ratios. 

All the numbers contained in such Tables as Norie's Table XXVI must 

be understood as decimals. 

Thus, nat. sine 7 7' = '123890 

„ sine 59 40 = '863102 

„ cosine 15 30 = '963631 

„ cosine 71 12 = '322266 

96. As the sines, cosines, &c, pass through all their possible numerical 
values while the angle varies from o° to 90 , the tables are not extended 
beyond 90 ; such computations would be superfluous, for the sine or cosine 
of an angle between one and two right angles, viz., of an angle greater than 
90 3 is the sam e in numerical value as the sine, cosine, &o., of an angle as 
much below 90°, and is known from the recorded sine or cosine of its 
supplement.* 

Whence also 

Nat. sine 136* 42' = sine 43' 18' = '395546 

„ cosine 108 48 = cosine 71 12 = '322266 

„ sine 104 16 = sine 39 44 = '639215 

„ cosine 140 16 = cosine 39 44 = '769028 

97. If the angle contains seconds, we must proceed by the method of 
mportionl parte, as in the following examples: — 

BULE XXXVI. 

i°. Find from the Table the nat. sine, cosine, $c. y which corresponds to the 
degrees and minutes. (Norie, Table XXVI.) 

2 . Multiply the difference by the seconds, and divide by 100. 

Norx— To divide by 100 we have merely to cut off the two right hand figures. 

3°. If the required quantity be a nat. sine, tangent, or secant, add the result to 
the last figures obtained in i°; tf it be a cosine, cotangent, or cosecant, subtract. 
The result will be the required sine, cosine, &c. 

* Ik/.— The supplement of an angle is the result when the angle is subtracted from i8o\ 
In other words, an angle and its supplement together make 180 , or two right angles, thus, 
tf 19' is the supplement of 15^ 41', and 156° 41' is the supplement of %%° 19/. 



yo 
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Note i. — The reason of this rale is founded on the principle that for a small interval, 
such as one minute, the increase of the sine is proportional to the increase of the angle. 

Notb 2. — It is necessary to bear in mind that the sino, tangent, and secant (under 90 ) 
for which the tables are constructed increase as the arc increases, whilst the cosine, 
cotangent, and cosecant decrease as the arc increases. This will require the corrections 
connected with a sine, a tangent, or a secant to be added, and those connected with a cosine, 
a cotangent, or a cosecant to be subtracted whether arcB or their functions bo sought from 
the tables. 

Examples. 



1. Find the nat. sine of n° 44' 27". 
Nat sine 12 44' =1 220414 

473 X 27 
Tab. diff. = + 128 



100. 



100 



To obtain the parts for the seconds we 
we multiply the tabular difference by the 
number of seconds and divide by 
thus: — 

Tab. diff. 473 
No. of seconds X 27 



220542 
Ant. : Nat. sine 12° 44' 27* = 220542 



3311 
946 

127,71 

128 nearly. 



2. Find the nat. cosine of 31 28' 42*. 
Nat. cosine 31 28' = '852944 

253 X4» 

Tab. diff. = — 106 



100 



Tab. diff. 253 
Seconds X 42 

506 
1012 



•852838 
Ans. : Nat. cosine 31° 28' 42" = '852838 



106,26 



106 



Examples fob Practice. 



To find the nat. sine of 










1. 34° 48'* 15* 3, 7i°2o'43" 


5- 


4 6> 22' 37* 


7- 


53° 7' 49' 


2. DO 7 l8 4. 21 44 21 


6. 


76 57 49 


8. 


86 3 17 


To find the nat. cosine of 










1. 14 15' 3* 3. 8o° 22* 22* 


5- 


46' 31' 41" 


7- 


3«° 31'"* 


2. 70 47 40 4. 5 22 10 


6. 


29 40 48 


8. 


8 19 17 



98. If the value of the sine, cosine, &c., be given, and it is required to find 
the angle, we use the following rule : — 

EULE XXX VUL 

i°. Find in the Tables the next lower nat. tine, nat. cosine, $»*., and note the 
corresponding degrees and minutes. 

2 . Subtract this from the given sine, cosine, fyc, multiplying the difference by 
100; divide by the tabular difference, and consider the result as seconds. 

3 . If the given value be that of a sine, tangent, or secant, add these seconds to 
the degrees and minutes found in i°; if it be that of a cosine, cotangent, fre.> 
subtract. The result will be the required angle. 

Note. — In taking out the angle for a natural cosine we may take out the next greater 
natural cosine, and subtract the given natural cosine from it ; and having found the seconds 
(*) as above they are additive. The trigonometrical ratio corresponding to the next lew angle 
being written down in every case, confusion will be avoided as the additional seconds will 
always be additive. 
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Examples. 

1. Given the natural sine = 0732156 : find the angle. 

Given nat. sine 732156 

Sine 47 4' = 732147 next lower in table XXVI, None. 

Tab. cliff. = 327 327)900(3' nearly (additional seconds for nat. sine). 

981 Ans. : 47 4 3". 

The log. 732156 is sought for in Table XXVI, Norie, but as it cannot bo found exactly, 
the next less is taken which corresponds to 47 4'. The difference of the logs, is then found, 
two cyphers added (which is equivalent to multiplying by 100), and the product divided by 
the tabular difference ; the quotient is the additional seconds. 

2. Given the natural cosine 853267 : find the angle. 

Given nat. cosine 853267 

Cosine 31° 26' = 853248 next lower in Table XXVI, Norie. 

3i°26' o* 

Tab. diff. = 253 253)1900(7" (to be subtracted). — 7 

1771 

3 1 25 53 

129 An*.: 31 25' 53". 

3. Find the angle whose natural cosine is 728713. 

Proceeding according to Note, page 70, 

Here nat. cosine of required angle = '728713 

Nat. cosine of next less angle or 43 13' = 728769 

Tab. diff. = 334 334)5600(17" nearly, to be 

334 added. 

2260 

2338 
Hour angle required — 43 13' 17' . 

Examples fob Practice. 
Qiyen the nat. sines, to find the angle. 

« 

1. '898002 3. -8 5. *444 7. '740912 9. '75214 

*• "37°3^3 4« '920411 6. '20389 8. if}- or '529221 10. '96 

Qiyen the nat. cosine, to find the angle. 

I. '448807 3. '726998 5. '514841 7. '769388 9. '817726 II. 999OOO 

1. '948397 4. -702017 6. '914237 8. '974822 10. "215515 12. '6 



TABLES OF LOGARITHMS OF TRIGONOMETRICAL 

RATIOS. 



99. The Trigonometrical Eatios being numbers have logarithms that 
correspond to them. In practice the logarithmic are generally far more 
useful than the natural sines, &c, though the latter are often necessary, or 
in some simple kinds of calculation, preferable. 

100. As the sines and cosines of all angles, and the tangents of angles less 
than 45 , are less than radius or unity, the logarithms of the values of these 
quantities, properly, have negative characteristics. In order to avoid the 
inconvenience of printing negative logarithms, and for other reasons, 10 is 
added to the characteristic before it is registered in the table of logarithmic 
sines, &c., so that we find the characteristic 9 instead of 1, 8 instead of 2, &c. 



1 



7* 



Table* of 



of Trigonometric^ Ratio*. 



Thus on referring to the Table of Natural Sines (Table XXVI, None), we find natural 
sine of 1 6° == '275637. If we calculate the logarithm of "275637, we" find its value is 
7*440338, if to this 10 is added we find that 

Log. sine 16 =r 9*440338. 

To preserve uniformity, the characteristics of the logarithms of all the other 
ratios, namely, of the log. tangents, cotangents, secants, and cosecants are 
increased by 10. In trigonometrical operations this is convenient, but 
principally because the extraction of roots very seldom occurs. 

It may be observed here that the uniform addition of 10 to the charac- 
teristic gives the logarithm of 10000 million times the natural number. 

Thus, 9*599327 is the log. of 3979486000, and this latter number is the natural sine cor- 
responding to a radius of 10000 millions, instead of a radius of unity. 

101. The table of logarithmic sines, cosines, tangents, cotangents, secants, 
and cosecants, contain all arcs from zero (o°) through all magnitudes up to 90% 
the log. of radius as just stated being 1 o. At the top of the page is placed 
the number of degrees, and in the left hand column each minute of the degree, 
opposite to which are arranged the numerical values of the log. sine, cosine, 
&c, of the corresponding angle in those columns, at the top of which those 
terms are placed. The headings of the columns run along the top, thus, as 
far as 44 . The degrees from 45° to 90 are placed at the bottom of the page, 
and the minutes of the degree arranged in a right hand column, so that the 
angles read off on the right hand side are complemental to those read off at 
the points exactly opposite on the left hand side, the values of the sines, 
cosines; tangents, &c, being found in the columns at the bottom of which 
those terms are found. This arrangement is rendered practicable by the 
circumstance of every angle between 45° and 90 being the complement of 
another between 45° and o°, every 6ine of an angle less than 45 is the cosine 
of another greater than 45°, every tangent is a cotangent, &c. ; the sineR, 
tangents, &c, of angles being respectively equal to the cosines, cotangents, 
&c, of the complements of the same angle. 

The following shows the usual arrangement of such tables : — 



M 



M 



Sin. D. 



Cosec. 



Tan. 



Cos. j J). Sec. 



Cot 



D. 



Cot. Sec. 



D. 



Tan. Cosec. 



I 



D. I Cos. M 



D. Sin. M 



Besides the columns headed "sine, tangent," &c, are three smaller columns 
headed "Diff." They contain, in most tables, the differences between the 
values of the consecutive logarithms in the contiguous columns on either side, 
but corresponding to a change of ioo' ; in the arc; and it must be kept in 
mind that the same difference is common to the sine and cosecant, to the 
tangent and cotangent, and to the secant and cosine. They are inserted for 
the convenience of finding the values of the nines and cosines, &c, of angles 
which are expressed in degrees, minutes, and seconds. 

102. The above, as just stated, is the usual arrangement of most tables, but 
in the earlier editions of Norie and some other works the arrangement is some- 
what different. 
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The columns are arranged thus : — 



r 

M 


Sine. 


Diff. 
Diff. 


Cosine. 


Diff. 
Diff. 


Tangent. 


Diff. 
Diff. 


Cotangent 


Secant. 


Cosecant. 


M 
M 


M 


Cosine. 


Sine. 


Cotangent 


Tangent. 


Cosecant. 


Secant. 



Since the same difference is common to the sine and cosecant, to the tangent 
and cotangent, in this arrangement, then, it must be particularly borne in 
mind, that the first " Diff." column (from the left) belongs to the first column 
of logarithms on the left hand of the page and to the first column on the right 
of the page; that the second column of "Diff." belongs the second column 
of logarithms from the right or left of the page ; and that the third column 
of "Diff." belongs to the third column from either the right or the left. 

102. In the use of these Tables, as in that of the natural sines, two 
questions present themselves: — First, having given the angle in degrees, 
minutes, and seconds, required the log. sine, log. cosine, &c. Second, having 
given the log. sine, log. cosine, &c, required the value of the angle in degrees, 
minutes, and seconds. 

103. When an angle is presented in degrees and minutes only, the 
tabular logarithm of its sine, tangent, &c, will be found simply by inspection, 
according to the following : — 

EULE XXX VJUi. 

i°. If the angle or arc is less than 45 . Find the degress at the top of the 
page, and the minutes in the left-hand marginal oolumn f then opposite the minutes, 
mid in the column which is marked at the top with the name of the ratio, will be 
found the logarithm sought. 

2 . If the angle be greater than 45 . Look for the degrees at the bottom of 
the page, and for the minutes in the right-hand column ; the logarithm of the 
proposed function of the angle will be found opposite the minutes in the column 
marked at the foot with the name of the ratio whose logarithm is sought. 

Examples. 

Ex. 1. Find the log. sine of 37 47'. 

As the arc is less than 45°, by looking at the top of the table for the degrees (37 ), and in 
the jtrti column on the left for the minutes (47'), we find in the column having at its top the 
word sine, the figures 9*787232, which is the log. sine of the aro required. 

Ex. 2. Find the log. tang, of 75 34'. 

Here, as the arc is greater than 45 , looking at the bottom of the tables for the degrees (75°), 
and in the last or right hand column for the minutes (34'), we find in the column having 
tang, at the bottom 10*589431, which is the log. tangent of 75 34'. 

Log. sine of 57 5' is 9*924001 

Lop*, cosine of 79 51 „ 9-246069 
Log. tangent of 21 50 „ 9602761 
Log. cotangent of 27 45 „ 10*278911 
Log. secant of 44' 59 „ 10*150389 
Log. cosecant of 69 54 „ 10*027291 



Log. sine of 


40° 


4' is 


9*808669 


Log. cosine of 


2f 


38 „ 


9968278 


Log. tangent of 


84 


13 >, 


10*994466 


Log. cotangent of 


55 


58 » 


9829532 


Log. Fecant of 


V 


20 „ 


10*472954 


Log. cosecant of 


8 


35 11 


10*826092 



I 
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Examples pob Phaotioe. 
Take out the logarithms of the following trigonometrical ratios. 



i. Log. Bine 9 'io' -j 


Log. co*. 53" 18' 


i. Log. coaea 40 40 8 


Log. sine 51 49 


j. Log. cosine 11 48 9 


Log. sec. 6a 34 


4. Log. tang. 37 »6 10 


Log. eotnng 79 19 


5. Log. eotaag. 8 15 11 


Log. ooseo. 45 45 


6. Log. see. 43 1 11 


Log. sine J3 jfi 



104. If the value of the angle he given in degrees, minutes, and seconds, 
we proceed by 

BTJLE XXXIX . 

I*. Find from the table the tine, tangent, secant, cosine, tfc, which correepond* 
to the degree* and minute*; also take out the number in the contiguous column 
headed "Biff." on the tame line (See Nos. 101 and ioz, page 71.) 

2 . Multiply the tabular difference (" Diff.") by the eeeonde, reject the last two 
figure* of the product for the division by 100, and the remaining figure* will furnish 
the proper correction for second*. 

Note i. — If the value of the two figures cnt off in not less than fifty, one must be Added 
right hand figure left. 

'the required quantity be a sine, tangent, or secant, add the result to the 
•* obtained in 1°; if it be a cotine, cotangent, or cosecant subtract.* 
suit will be the required sine, tangent, secant, cosine, &c. 

—The process above is sufficiently accurate unless for the sines and tangents of 
angles, and for the tangents and secants of angles very n«ar 90°. When an angle 
minutes, and seconds, and of less magnitude than 3°, occurs in calculation, neither 
,hmic Bine nor the logarithmic tangent will be found very accurately from the 
'ables. In some books, as Button's " Mathematical Tables," a special Table ia 
taining the logarithmic ainei and tangents to every second in the first two 
the quadrant. By that Table we should find the correct log. tang, of 1 ° 1 c' 45" 
70503, whereas, by using the tab. diff. for 1° 15' and 1° 16' in the ordinary 
should get the less accurate result, 1-3970448, because for such small angles 
ive tabular differences for one minute shows too rapidly a wide departure from 
When an angle of degrees, minutes, and seconds, and within less than 3° of 90° 
alculation, we cannot, for the reason just stated, obtain very accurately from the 
ables either the logarithmic or the natural tangent. Thus, the true log. tang, of 
s 16019497; but by the ordinary Tables we would get for the last three figures 
is gives the log. sin. and log. tang, to every ten seconds of the first two degrees of 
nt, and Raper gives the log. sines to every second up to 1° 30', and to every ten 
. to 4° 30'. 

ne tables, these differences are those due to 1 minnte, or 60 seconds, and are got 
subtracting the greater of the logarithms from the less. The difference d, due to 
r number (a) of seconds is found from Buch tables by the proportion 60 : a : : D ; 
f = — | ". But as before observed the differences usually given in the tables are 
lot to 60 seconds but to 100 seconds, bo that in these tables, rf= -"; and thus 
somewhat more readily. 



Tables of Logarithms of Trigonometrical Ratios. 75 



Examples. ' 
i. Find the log. sine of 6° 36' 27*. 

Here the given number of degrees (6°) being less than 45°, look for them in the head line 
at the top of the page, turning over the leaves till the proper page is found, then in that 
page look in the second line for the name of the column wanted, viz., the sine ; and in the 
left hand vertical column marked M at the top, find the number of minutes (36') ; having 
found the minutes, then in the same line and under sine is found 9*060460, which is the log. 
sine corresponding to 6° 36'. Now this log. being found in the first column on the left, 
the tabular difference must be taken out of the first " diff." column from the left. It will 
to noticed that there is no diff. exactly opposite to 36' but between 36' and 37' will be found 
the diff. 1817, which multiplied by the seconds {17") gives 49059, and rejecting the two last 
figures from this product (for the division by 100) gives quotient 490, which being increased 
by 1, since the figures cut off exceed 50 (see Note 1, page 74) gives 491 as the. correction of 
the logarithm for the seconds. The work will stand thus : — 

Leg. sine 6° 36'= 9*060460 Tab. diff. 18 17 

27* gives + 491 X 27 

9*060951 1 27 1 9 

3634 

49°>59 



or 491 
Ans. : Log. sine 6° 36' 27* =: 9*060951, 

2. Find the log. cosine of 13 5' 32". 

The log. cosine of 13 5' is 9*988578, and the tabular difference corresponding to the log. 
cosine of the given degrees and minutes is 50; this being multiplied by 32 (the given 
number of seconds), and pointing oil two figures to the right, is 16 to be subtracted, because 
the cosine is a decreasing log. ; therefore — 

Log. cosine 13° 5' =z 9*988578 Tab. diff. 50 

32* gives — 16 X 3 a 

9*988562 100 

150 



16,00 



or 16 
Ans. : Log. cosine 13 5' 32* = 9-988562. 

3. Find the log. tangent of 72 59' 8*. 

The log. tangent of 72 59' is 10*514209, and the tab. diff. corresponding to the given 
degree* and minutes is 753 ; this being multiplied by 8 (the number of seconds), and point- 
ing off two figures to the right is 60, which is additive ; thus : — 

Log. tang. 7 2 59' o* = 10*514209 Tab. diff. 753 

Parts for 8* = + 60 .8 

Log. tang. 72 59' 8" = 10*514269 60,24 

4. Find the log. cotangent 73 21' 7*. 

The log. cotangent of 73 21' is 9*475763, and the tab. diff. corresponding to the cotangent 
of the given degrees and minutes is 767 ; this being multiplied by 7 (the given number of 
seconds), and pointing off two figures to the fight is 54 ; which is to be subtracted in this 
instance, being a colog. 

Log. cotang. 73 21' o* = 9*4757*3 (Tab, diff. 767) X 7 — M * ft 

Parts for 7" = - 54 ^ ~ £'° 9 

Log. cotang. 73 21' 7* = 9*4757°9 

The parts for the seconds are subtracted in this instance being a colog. (See Bule 
XXXIX, 3 . 
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5. Take out log. Bine i° 5' 34*. 

Here the angle whose log. sine is sought being less than 2°, it mast, therefore, be taken 
out of the special part of the Table (see Table XXV, page 107, Nome). The next lees 
angle to be found in the Table is i° 5' 30% the log. sine of which 8*279941, and the corres- 
ponding tabular, " Diff " (for io" in this part of the Table) is 1104, which multiplied by 4, 
the seconds over 30, gives 4416, and cutting off one figure from the right, for the division by 
10 gives the correction 442, to be added to the logarithm taken out of the Table ; thus the 
work stands as follows : — 

Log. sine i° 5' 30* = 8*279941 Tab. diff. 11 04 

Parts for 4 = + 442 4 

Log. sine 1 5 34 = 8280383 441,6 

or 442 nearly. 

6. Bequired the cosecant of 3 7' 21". 

Log. cosecant 3 7' 0*= 11 '264646 Tab. diff. 3857 

Parts for 21 = — 810 21 



Log. cosecant 3 7 21 =11-263836 3857 

77H 



809,97 



105. For the functions* of an angle between 90 and 1 8o° we may take the 
same functions of its supplement ; hence to find the logarithm of a trigono- 
metrical ratio of an angle greater than 90 , i.e., of an obtuse angle, we have 
the following 

ETJLE XL. 

Subtract the angle from 180 and look for the remainder, which is called its 
supplement in the Tables. 

Examples. 

Ex. 1. Find the log. sine of 1 io° 24'. 

Subtract it from 180 . 

Prom 180 00' 

8ubtract 1 10 24 

Bemainder 69 36 (Supplement.) 

Look for the log. sine of remainder (namely 69 36'), which is 9*971870; or log. sine 
no 9 24' =z 9*971870. 

Ex. 2. Find the log. secant of 95 43' ; also the log. cosecant of the same. 

From 180 o' 
Take 95 43 

Supplement 84 17 

Look for the log. secant of 84 17', which is 11*001701 ; . ' . log. secant of 95° 43' is 
1 1*001701. 

Again, look for the cosecant of 84 17', which is 10*002165; . * . log. cosecant of 95° 43' 
is 10*002165. 



* By the functions of angles, sometimes called their trigonometrical or gonoimetrical functions 
are meant their sines, tangents, secants, versed sines, and chords ; the word function aigixi ' 
fying any quantity that is dependent on another, changing as it changes. 
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Ex. 3. Find the log. tangent of 12 8° 55' 47". 

From 180 00' 00* 

Subtract 128 55 47 

Bemainder 51 4 13 (Supplement.) 
. * . Supplement of the given angle = 5 1° 4' 1 3*. 
Log. tangent 51 4' = 10*092664 Tab. diff. 431 

Parte for 13* = + 56 X 13 

Log. tangent 51 4-13 =10*092720 1293 

56,03 

or 56 
.". Log. tangent 12 8° 55' 47* = 10*092720, Ana. 

106. But a readier way, and the better practical method, is to proceed as 

follows: — 

EULE XLL 

Diminish the given angle by 90 , and look out the remainder in the tables, 

observing that if the trigonometrical ratio have " 00 " prefixed to drop the' u 00," 

but if it have not " co," prefix it, then find the logarithm corresponding to the 

now ratio. Or, 

If A denote any angle less than 90 , then 

For sine . ' (90 + A) take out cosine A 

„ tangent . . . .(90 + A) . . cotangent A 

„ secant (90 + A) .... cosecant A 

„ cosine .... (90 + A) — sine A 

„ cosecant . . . .(90 + A) secant A 

„ cotangent . . (90 + A) .... tangent A 

This role may easily be remembered by observing that to the sine, tangent, and secant, 
eo is prefixed, while from the cosine, cosecant, and cotangent the co is dropped, and in each 
ease the excess of 90 of the angle is used. 

Examples. 
Find the log. cosine of no°. 

To find the log. cosine of no°, or log. cosine (90 4" 20 )> take out the log. sine 20°, 
which is 9*534052. 

To find the log. secant of 160 12', take out the cosecant 70° 12' which is 10*026465. 

Log. cosine of 143 24' = Log. sine 53° 24' is 9*904617 

Log. cosecant of 99 37 = Log. secant 9 37 ,,10*006146 
Log. sine of 109 2 = Log. cosine 19 2 „ 9*975583 

Find the log. cosecant of 131 45" 19". 

Subtracting 90 from 131 45' 19" = 41 45* 19". 

Log. cosecant 131 45' 19* = log secant 41 ° 45' 19'. 

Log. secant 41*45' o* = 10*127228 Tab. diff. 188 

Parts for + 19 = + 36 X 19 



Log. secant 41 45 19 = 10*127264 1692 

188 

35»7» 
In this instance " co " is prefixed to the given trigonometrical ratio, then, according to 
rale, M co " is dropped, and the log. corresponding to the new ratio is taken out for the 
remainder resulting from the given angle when diminished by 90°. 
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Ex. 3. Required the log. tangent 99* 32' 58". 

Log. tangent 99 32' 58' =■= cotangent 9 32' 58*. 

Log. cotangent 9*32' o" = 10*774844 Tab. diff. 1288 

Parts for -j- 58 = — 747 58 

Log. cotangent 9 32 58 = 10*774097 10304 

6440 



747,04 

Example-* for Fbaotioe.* 

Required the log. sine, tangent, secant, cosine, cotangent, and cosecant 
corresponding the following arcs : — 

1- 6° 53' S& 4- 56°54'i7* 7. i°49'47* ">• "5° 34' 4** 

2. 24 9 30 5. 10 10 6 8. 87 28 45 11. 119 40 48 

3- 37 49 *4 6> 7° 47 4° 9. 1 o 40 12. 101 40 19 

Take out of the Table the following : — 

13. Log. sine 2°4o' 10'' 22. Log. coeec. n^y/^o" 

14. Log. sine 170 30 39 23. Log. cosec. 141 16 51 

15. Log. sine 1 49 47 24. Log. Bine 2 o 53* 

16. Log. cosine 89 59 19 25. Log. cotang. 89 23 37 

17. Log. cosine 88 40 56 26. Log. cosine 87 23 27 

18. Log. cosine 108 40 6 27. Log. cosine 88 50 29 

19. Log. tang. 187 28. Log. tang. 1 2 18 

20. Log. cotang. 378 29. Log. sec. 101 8 7 

21. Log. tang. 114 9 30 30. Log. sine, no n 18 

107. If the value of the log. sine, log. cosine, &c, i.e., the logarithm of a 
trigonometrical ratio, be given, and it is required to find the corresponding 
angle in degrees and minutes, we use 

RULE XUI. 

Look for the logarithm in the several columns of the Table marked at the top or 
bottom, with the name of the given trigonometrical ratio, which being found exactly 
or the nearest to it, mil give the degrees and minutes answering to the given 
logarithm, being careful to observe that when the name of the given ratio is found 
at the top of the Table, then the degrees are to be taken from the top and the 
minutes from the left hand marginal column ; but if the name of the ratio is 
found at the bottom of the Table, take the degrees from the bottom and the 
minutes from the right hand side of the page. 

Note. — In using the Table inversely, fox example, in searching for the angle which has 
9*6 1 1294 for the logarithm of its sine, the student must not distinguish sine from cosine, nor 
tangent from cotangent, but must, consider sines and cosines as one table, tangents and 
cetangmts as one table, and muBt cast an eye on both, and get to 9*61 1294 as fast as he can. 
For want of this caution some beginners will turn over page after page until they come to 
45 , and then back again to the very page that was first opened. 

Ex. 1. Required the angle corresponding to the log. sine 9*729223. 

In page 142, Table XXV, Norie, under the word " Sine," and opposite 25' in left hand 
marginal column, are the exact figures, the degree (being sought at the head of the page, 
because the column in which the figures are found is named at the head) is 32 ; therefore, 
the angle is 32 25'. 



* When the tabular difference is considerable, as in this instance, the log. is eanar 
reduced from the log. of the nearest minute. 
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If the angle for the cosine of the same logarithm be required, the degrees are found at 
to bottom, and the minutes in the right hand column, and is 57° 35' accordingly. 



Log. sine 9*731009 = 32° 34' 
Log. sine 9*871073 = 48 o 
Log. tang. 9*787036=31 29 
Log. tang. 10*047850 = 48 9 
Log. sec 10*043673 = 25 16 
Log. sec. 10*566325 = 74 15 



Log. cosine 9*995555= 8° n' 
Log. cosec. 10*030580 = 68 45 
Log. cotang. 10*508820= 17 13 
Log. cosine 9*718497 = 58 28 
Log. cosec. 10*307885 = 29 29 
Log. cotang. 11*197235= 338 



108. If the value of the log. sine, log. cosine, &c, be given, and it is re- 
quired to find the corresponding angle, in degrees, minutes, and seconds, 
ve use 

BULE XLTTT. 

i°. Find in the Tables (XXV, Norie) the next lower log. sine, log. cosine, 
fa., and note the corresponding degrees and minutes ; also, take the number from 
ike 'corresponding part of the adjoining column of "Diff" 

2 . Subtract this from the given log. sine, log. cosine, Sfc, multiply the difference 
by 100, i.e., annex two cyphers, divide by the tabular difference, and consider the 
result as seconds. 

3 . If the given value be that of a log. sine, log. tangent, or log. secant, add these 
seconds to the degrees and minutes found in i° ; if it be that of a log. cosine, log. 
tangent, or log. cosecant, subtract. 

The result will be the required angle. 

Nora. — If the given log. be a cosine, cosecant, or cotangent, we may seek out the next 
jrwrftrtothe given log. : then proceed by 2 to find the seconds, which add to the degrees and 
minutes as found by i°. 

Examples. 

1. Given log. sine = 9*422195 (or 1*422195) : find the angle. 

We take out 9*421857, the log. sine of 15 19', as it is the logarithm next less than the 
given one, whieh we take, as the logarithms in the columns increase with the angle. The 
difference of these logarithms is 338, and if two cyphers be affixed to the difference, and the 
number then divided by 768, taken from the column of Diff. in the Table, we haye 44 for the 
number of seconds to be added to the degrees and minutes before taken out. The work will 
stand thus:— 

Given log. sine 9*422195 

Tab. log. sine next less 9-421857 = log. sine 15 19' 

Tab. cliff, for 100* = 768)*338oo(44" additional seconds. 

3072 

3080 
3072 

Therefore 9*422195 = log. sine of 15 19' 44*. 

*• Given log. cosine = 9*873242 (or 1*873242) : find the angle. 

Here we take out 9*873223, the log. cosine of 4 1° 41', as it is the log. cosine in the Table 
next less than 9*873242. The difference between these two logarithms is 19; and if two 
cyphers be affixed to the difference we get 1900; whence 1900 divided by 187, the number 
from the column of " Diff." gives 10 for the number of^eeconds to be subtracted. Hence the 
Wqoiied angle is 41 40' 50*. The work will stand thus : — 



8o 
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Given log. cosine 9*873242 

Tab. log. cosine next less 9*873223 r= log. cosine 41 ° 41'. 



*9 



Tab. diff. = 187 



19 X 100 

187 



•*= 10* subtr active. 



Therefore, 9*873242 •= log. cosine of 41 40' 50*. 
Examples fob Practice. 





Required the Angles (to the nearest second), 


the 


Log. Sine of which is : — 


I. 


9*741279 4. 8*600700 7. 9*500000 


10. 


7*456430 


13- 


9*900000 


2. 


9*926100 5. 9*518317 8. 9*800000 


11. 


9999631 


14. 


8*846217 


3- 


8*707654 6. 9*929638 9. 9*909176 

Find the Arc to the Log. Cosine of 


12. 


9*974538 


*5- 


8462167 


I. 


9*787140 4. 9-995637 7. 9-517232 


10. 


9*932338 


*3- 


7*7995*o 


2. 


9*75°333 5- 9 I 797 3 * 5 8 - 9212036 


11. 


9-998970 


14. 


9*000000 


3« 


8*134758 6. 9*273216 9. 8*361861 

Find the Arc to the Log. Secant of 


12. 


8*281485 


*5- 


9*013628 


I. 


10*013839 3. 10*000765 5. 10*746129 


7- 


10*022719 


9* 


10*315400 


2. 


10*205665 4. 10*048398 6. 1 1*005231 

Find the Arc to the Log. Cosecant of 


8. 


"•642535 


10. 


11*200000 


I. 


10*347194 4. 10*974476 7. 11*000873 


10. 


10*070362 


13- 


10*009000 


2. 


10*252208 5. 10*121000 8. 11-467931 


11. 


10*900000 


14. 


10*061462 


3- 


11*005231 6. 1 1 '442539 9. 11*166007 

Find the Arc to the Log. Tangent of 


12. 


11*079003 


*5- 


11*290123 


1. 


10*636863 4. 10*827204 7. 1 1*276400 


10. 


9*642876 


*3- 


10*060431 


2. 


io'oooioo 5. 10*150328 8. 8*297036 


11. 


9*846175 


14. 


8-668612 


3- 


10*287342 6. 8*961007 9. 9*716135 

Find the Arc to the Log. Cotangent of 


12. 


1 1*282456 


15. 


8*258262 


1. 


9*742961 4. 10*060431 7. 8*327691 


10, 


9 # 1 001 00 


13- 


8*460000 


2. 


10*876432 5. 10*710880 8. io'oioioi 


11. 


10*825001 


14. 


9*374611 


3- 


10*287632 6. 11*197568 9. 8*781464 


12. 


8*272775 


15. 


12*069844 



MISCELLANEOUS. 

1. If sine A = -432651, find log. sine A. 

2. If tang. A = 3, find log. tang. A 

3. Given log. oos. A =-= 9*236713, find riat. cos. A. 

4. Given log. tang. 35 20' = 9*850593, find log. cotang. 35* 20' without using any tables 

at all. 

5. Find the log. cosec. 68° 45' 24** from the table of natural sines only. 

6. Given log. sec. A = 11*024680, find nat. cos. A. 

7. Given log. cosine A = 9*450981, find A (1) from a table of log. cosines, and (2) from 

a table of nat. cosines. 

8. Given nat. sec. A = 2*005263, find A (1) from a table of nat. sines and cosines, and 

(2) secant from a table of log. secants. 

9. Sine 36* X tang. 54 = -654. 

10. Find by the tables the angle whose sine is V^h- 

11. Given log. cot. A *= 1 1*015627, find nat. cot. A. 

12. Find nat. cot. 45 18' 17" from the table of cotangents. 

13. Find to the nearest second the angle whose sine is J ; J ; \ ; and ££f. 

14. » >• tang, ifl fi ; HJ; and ifj. 
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109. It is also necessary to have a distinct conception of the limits to 
which the Trigonometrical Eatios tend when the angles become right angles. 
The following are the Trigonometrical Eatios for the angles o° and 90 : — 



Sin. 
Cos. 

Tang. 

Cot. 

Sec. 

Cosec. 



o° = 



o 
I 

o 

00 

I 

00 



Sin. 

Cos. 

Tang. 

Cot 

Sec. 

Cosec. 



o 



90*- 

9 o° = 
90 = 
90° = 
90 = 
90 = 



00 



00 



And the following, therefore, are the Logarithms of their Trigonometrical 
Eatios: — 



Log. Bin. 
Log. cos. 
Log. tang. 
Log. cot. 
Log. sec. 
Log. cosec. 



o° = o 



00 



o w = o 

o° = 00 



00 



00 



Log. Bin. 
Log. cos. 
Log. tang. 
Log. cot. 
Log. sec. 
Log. cosec. 



90 =r o 

90 = — 00 



00 



90 = 
90° = - 
90 = 00 
90 = o 



00 



no. When these values occur amorogst others requiring to be added to 
or subtracted from them, the learned must be careful to remember that the 
addition to or subtraction from them of finite numbers cannot alter them. Hence 
the explanation of the results in the following : 

Examples. 



Ex. 1. Add together log. cot. o° and log. 
sine 20 . 

Log. cot. o° = 00 
Log. sine 20 = 9*534032 



A 718. 



OO 



Ex. 2. Add together log. cos. 90° and 
log. tang. 45 . 

Log. cos. 90 = — 00 
Log. tang. 45 = 10*000000 

Atu. 00 



Ex. 3. From log. cos. o° take log. sine Ex. 4. From log. tang. 21 48' 30* take 

62 48'. I Jog. cot. 90 . 

Log. cos. o° =2 00 J Log. tang. 21 48' 30* = 9*602212 

Log. sine 62 48' = 9*949105 I Log. cot. 90 = 



00 



Ans. 



00 



Ana. 



00 



in. In the event of a bad or obliterated figure in the table, it may be 
convenient to know that the tangents are found by subtracting the cosines 
from the sines, adding always 10, or the radius; the cotangents are found by 
subtracting the tangents from 20, or the double radius, and the secants are 
found by subtracting the cosines from 20, the double radius. 



This mathematical symbol is called infinity. 



NAVIGATION 



DEFINITIONS. 

112. Navigation is a general term denoting that science which, treats of 
the determination of the place of a ship on the sea, and which furnishes the 
knowledge requisite for taking a vessel from one place to another. The two 
fundamental problems of navigation are, therefore, the finding at sea the 
present position of the ship, and the determining the future course. 

113. The place of a ship is determined by either of two methods, which 
are independent of each other: — 1st. By referring it to some other place, 
as a fixed point of land, or a previous denned place of the ship herself. 
2nd. By astronomical observations. 

114. It has been customary to employ the term Navigation in a restricted 
sense to the first of these methods ; the second is usually treated of under 
the head of Nautical Astronomy. 

Navigation and Nautical Astronomy are the two great co-ordinate divisions of the " Art 
of Sailing on the Sea" as the old writers quaintly worded it. The first hranch of the art is 
accomplished by means of the Mariner's Compass, which shows the direction of the ship's 
track ; the Log, which with the help of sand-glasses for measuring small intervals of time, 
gives the velocity or the rate of sailing, and thence the distance run in any interval ; and 
also a Chart of appropriate construction ; in short, this hranch of the art relates to the 
directing the ship's course under the varying forces of winds and currents, and the estima- 
tion of her change of place. The second division is that branch of practical astronomy by 
which the situation of the observer on the globe is ascertained by a comparison of the posi- 
tion of hie Zenith with relation to the heavens with the known position of the Zenith of a known 
place at the same moment. The principal instruments are the sextant for measuring the 
altitudes and taking the distances of heavenly bodies ; and a chronometer to tell us the 
difference in time between the meridian of the ship and the first meridian ; also a pre- 
calculated astronomical register, such as the Nautical Almanac, the Connaissance de Temps 
of France, &c. The solution of problems in nautical astronomy requires the use of spherical 
trigonometry, which is therefore characteristic of this method of navigation. 

115. A Sphere is a solid body bounded by a surface, every point of which 
is equally distant from a fixed point within it ; this fixed point is called the 
centre ; the constant distance is called the radius. 

Every section of a sphere by a plane is a circle. 

116. A Great Circle of a sphere is a section of the surface by a plane 
which passes through its centre. A Small Circle of a sphere is a section of 
the surface by a plane which does not pass through its centre. 

Or, a great circle is a circle of the sphere having for its centre the centre of the sphere, 
thus dividing the sphere into two equal parts ; no greater circle can be traced upon its sur- 
face. All other circlos are called small circles. 

All great circles of a sphere have the same radius. All great circles bisect 
each other. 
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117. The extremities of that diameter of a sphere which is perpendicular 
to the plane of a circle are called the poles of that circle. In the case of a 
small circle, the poles are distinguished as the adjacent and remote pole. 

All parallel circles have the same poles. The distance of every point in 
the circumference of a circle from either of its poles is the same. The poles 
of a great circle are 90 distant from every point of the circle. 

118. Regarding any great circle as a primary circle, all great circles which 
pass through its poles are called its secondaries. 

All secondaries cut their primary at right angles. 

The arc of a great circle is measured by the angle subtended by it at the 
centre of the sphere, which is also the same as the angle of inclination, at 
its pole, of two secondaries drawn through its extremities. 

119. The earth is nearly a globe or sphere. 

The ordinary proofs of this are of the following nature — ist. When a vessel is seen at a 
considerable distance on the sea, in any part of the world, the hull is entirely or partly 
concealed by the water, though the masts are visible. 2nd. Ships have actually and 
repeatedly made the circuit of the globe ; that is, by sailing from a port in a westerly 
direction they have returned to it in an easterly direction. 3rd. When we travel a consi- 
derable distance from north to south, a number of new stars appear, successively, in the 
heavens, in the quarter to which we are advancing, and many of those in the opposite 
quarter gradually disappear, which would not happen if the earth were a plane in that 
direction. 4th. In an eclipse of the moon,, which is caused by the intervention of the 
body of the earth between the sun and moon, the shadow of the earth thrown on the moon 
is found in all cases, and in every position of the earth, to be a circular figure ; the earth 
therefore, which casts that shadow, must be a round body. 

120. The earth, however, is not a perfect sphere, but of the figure of an 
oblate spheroid very nearly, that is, a figure traced out by an ellipse revolving 
round its shortest axis, being flattened in at the poles, and bulging out in a 
corresponding degree at the equatorial regions — the curvature being less 
as we recede from the equator to the poles ; such a figure, in fact, as would 
be produced if a hoop were slightly flattened by pressure, and then made 
to revolve about the shortest diameter thus produced. 

The shortest diameter (that which joins the poles) being 7899 statute miles, 
and that of the fullest parts (about the equator) being nearly 26J more. 

We can, of course, in a work like this give no intelligible account of the refined mathe- 
matical processes by which the most probable values of the flattening in, and of the absolute 
dimensions have been obtained. It is sufficient to say, that from a combination of the 
measurements of ten arcs of the meridian, Bkssel has deduced the following results : — * 

Greater, or equatorial diameter - 41,847,192 feet = 7925*604 miles. 

Lesser, or polar diameter 41,707,324 „ =7899-114 „ 

Difference of diameter, or polar compression *39>768 # = 26*471 „ 

Proportion of diameters, as 299*15 to 298*15. 

And from the result it follows that the polar diameter is shorter than the equatorial by 
about 7$? (one three hundredth) part. This quantity is technically called the compression.^ 



* Astrononische Nachrichten, No. 438. 

t The best values for its dimensions, however, appear to be those given by Capt. Clarke. 

Equatorial diameter 41847662 feet = 12754937 metres. 

Polar axis A 1 1^1SZ^ * =12712227 , 
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121. The Axis of the Earth is that diameter about which it is supposed 
to turn round onco in twenty-lour hours. The directiou of this rotation is 
from west to east, thus causing all the heavenly bodies to have an apparent 
motion from east to west. 




122. Poles. — The two extremities of the axis of the earth are called 
the poles of the earth, distinguished respectively as the North Pole and South 
Polt — N. 8. (see fig.) The former being that to which we in Europe are 
nearest. As they are the extremities of a diameter they are 1 8o° apart. 

123. Equator (from Latin ajuore to divide into equal parts), called also 
by seamen the Line, is a great circle circumscribing the earth, every point 
of which is equally distant from the poles, being 90° from each, as WM'B; 
and dividing the globe into two equal parts called hemispheres ,- that 
towards the north pole is called the northern hemisphere, as NWE, and 
the other the southern hemisphere, as 8 W E. (See figure above). 

If a plane be supposed to pass through the centre of the earth at right 
angles to its axis, it will intersect its surface in a great circle called the 
Equator. 

mi J|0r jg okoaaa u the primary circle for co-ordinates. At all places on this circle 

is at 6 b A.*., and sola at 6 U P.M., all the year round ; the days and nights an 
ial, being ii h each. 

he Meridian of any place is a semi-circle passing through that 
the poles, and therefore cutting the equator at right angles, as 
W S, N Z 8. (See figure.) The other half of the circle is called 
* mtridian. Every point on the surface of the earth may be 00a- 
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ceived to have a meridian passing through it ; hence there may be as many 

meridians as there are points in the equator. Of all these innumerable 

meridians one is always selected as the Initial Circle of Longitude, or, as it is 

commonly called, the First Meridian; it is a matter of arbitrary choice 

amongst different nations ; thus the first meridian with us is that of Greenwich, 

whilst the French refer to Paris, &c. 

Meridians (L. Meridies, from medius dies mid-day) are so called because they mark all 
places which have noon at the same instant, for when any one of the meridians is exactly 
opposite the son it is mid-day with all places situated on that meridian ; and with the places 
situated on the opposite meridian it is consequently midnight. They are secondaries to the 
Enqator, and on them Latitudes are reckoned North and South from their primitive. They 
also mark out all places which have the same longitude, and are hence called " Circles of 
Longitude." 

Every portion of the meridian lies north and south ; and places lying north 
and south of each other are said to be on the same meridian. 

The direction of the meridian towards the north pole is called north, and 
marked N. ; the opposite direction is called south, marked 8. Directions at 
right angles to the meridians are called east and west ; the right hand looking 
to the north east, the left hand west : they are marked E. and W. 

125. Latitude is the distance from the equator, measured in degrees (°), 
minutes ('), and seconds ("),* on the meridian of the place, or its angular 
distance from the equator measured by the arc of the meridian intercepted 
(cut off), between the place and the equator, or by the corresponding angle 
at the centre of the sphere ; it is marked north (N.), or south (S.), according 
as the place is to the north or south of the equator. Thus, the arc A' M' 
(&£-> P&gB 84), is the latitude of a place A' (supposed Greenwich), and is 
marked N., because A' is to the north of WEE; and the latitude of B' is 
MB', and is marked S., because the place B' is to the south of the equator; 
whilst U, or its equal F Z, is the latitude of 0, or of F. 

As the latitude begins at the equator (lat. o°), and is reckoned thence to 
the poles (lat. 90 ), where it terminates, therefore the greatest latitude a 
place can have is 90 , and all other places must have their latitude inter- 
mediate between o° and 90°. 

126. Parallels of Latitude are small circles of the sphere parallel to the 
equator, that is, equidistant from it in every point, and hence all the places 
of the same latitude being at the same distance from the equator, are said to 
be on the same parallel : thus (fig., page 84) AN, T S, OF, and b B' are 
portions of parallels of latitude, and all plaees on F, and b B', &c, have the 
same latitude, being on the same parallel. 

127. Co-Latitude is the complement of the latitude to 90 ; thus the 
co-latitude of A' (fig., page 84) is A N, of B' is B' S. 

128. The Difference of Latitude (abbreviated diff. lat) between two 
places, or of the parallels F and T S, or of any places on those parallels, is 
the arc of a meridian included between their parallels of latitude, showing 
how far one of them is to the northward or southward of the other ; thus 

* All circles, great or small, are supposed to be divide into 360 equal parts called degrees (°) 
60' (minutes) make one degree, and 60" (seoonds) make one minute. 
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(fig., page 84) A' b is the difference of latitude of the two places A' and B' ; F 8 
between the places F and T, or T. The difference of latitude between two 
places can never exceed 18 o°. 

The difference of latitude of the ship is therefore the distance made good 
in a north or south direction. This is also called her " northing " or "south- 
ing," these names being indicated by the initials N. and 8. 

1 29. It is evident that when two places are on the same side of the equator 
their cliff, lat. is found by subtracting the less latitude from the greater ; and 
that when they are on opposite sides of the equator, that is, when one place is 
in north latitude and the other in south latitude, the sum of their latitudes 
is the diff. lat. Thus the cliff, of lat. of A' and B', which is A' b f is the sum 
of the north lat. A' M', and of the south lat. Z B', or M' B'. 

130. Meridional Parts. — At the Equator a degree of longitude is equal 
to a degree of latitude ; but as we approach the poles, while (upon the sup- 
position that the earth is a sphere) the degrees of latitude remain the same, 
the degrees of longitude become less and less. In the chart, on Mercator's 
projection, the degrees of longitude are made everywhere of the same length, 
and, therefore, to preserve the proportion that exists at every part of the 
earth's surface between the degrees of latitude and the degrees of longitude, 
the former must be increased from their natural lengths, more and more as 
we recede from the equator. The lengths of small portions of the meridian 
thus increased, expressed in minutes of the equator, are called meridional 
parts ; and the meridional parts for any latitude is the line, expressed in 
minutes (of the equator), into which the latitude is thus expanded. The 
meridional parts computed for every minute of latitude from o° to 90 , from 
the Table of meridional parts, which is chiefly used for finding the meridional 
difference of latitude in solving problems in Mercator's sailing, and for con- 
structing charts on Mercator's projection. 

131. The Meridional difference, of Latitude is the quantity which bears 
the same ratio to the difference of latitude that the difference of longitude 
bears to the departure. It is the projection of the difference of latitude on 
the Mercator's chart, and takes its name from the meridional parts, by the 
use of a table of which parts it is found. 

132. Middle Latitude. — When the two places are situated on the same side 
of the equator, the middle latitude is the latitude of the parallel passing mid- 
way between them ; its value is therefore half the sum of the latitudes of the 
two places. When the two places are situated on opposite sides of the equator, 
the simple "middle latitude" is replaced by the two half latitudes of each 
of the places. (See Baper's Navigation, page 98.) 

133. Longitude is the arc of the equator intercepted between the first 
meridian and the meridian of the place, and is, therefore, the measure of the 
angle between the two meridians ; thus (fig., page 84), take N A' M' b S 
as the meridian of Greenwich, then, the longitude of A', or of any place on 
the meridian N A' M' b S is 0, and taking N U as the meridian of T, then 
the arc of the equator M' U reckoned in degrees (°), minutes ('), and seconds ("), 
or the angle M' N U, which M' U measures, is the longitude of T from M', the 
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meridian of Greenwich ; the arc M' Z, or the angle M' N Z is the longitude 
of the points Z, N, S, and F, or of any place on the meridian N Z ; the arc 
W M', or the angle W N M', which W M measures, is the longitude of the 
meridian N W S, or of any place on that meridian. 

Longitude is reckoned from the first meridian, both eastward and west- 
ward, till it meets at the opposite point of the equator, therefore the longitude 
can never exceed 1 8o°. 

It will be evident that the latitude alone will be insufficient for the determination of the 
position of a place. If we state that a certain place is 45 north of the equator, it will be 
impossible to ascertain certainly the place in question, inasmuch as there is a circle of points 
on the earth, all of which are 45 north of the equator. If we suppose a circle drawn round 
the surface of the northern hemisphere parallel to the equator, at the distance from the 
equator of 45 , every point of such circle will be equally characterized by the latitude of 
45°. But if we state its latitude and longitude, we can fix at once and unequivocally, the 
position of the place. Thus, let us suppose that its latitude is 50 north, its longitude 30° 
east of Greenwich ; its position will be found by imagining a circle parallel to the equator, 
drawn upon the northern hemisphere at a distance of 50 from the equator ; then supposing 
a meridian drawn through Greenwich intersecting this parallel, and another drawn so as to 
cross the equator at a point 30 east of the former ; the place in question will be upon the 
line parallel to the equator first drawn, inasmuch as it will be 50 north of the equator, and 
it will also bo in the meridian last drawn, inasmuch as it will be 30 east of Greenwich. 
Since, then, it will be at the same time upon both these lines, it will necessarily be at the 
point where they cross each other at the east of the standard meridian of Greenwich. The 
place of a ship on the apparently indefinable and trackless face of the ocean can, in this 
manner, be as accurately marked down and discussed as any known and visible spot on the 
stable land. 

134. Difference of Longitude between two places is the arc or portion of 
the equator included between their meridians, or, which is the same thing, 
the corresponding angle at the pole. To measure, therefore, the diff. of 
longitude of two places, we must follow down their meridians to the equator, 
and then take the included portion of the equator itself. It is named East 
or West, according to the direction in which the ship is proceeding ; thus, if 
we take A and F (fig., page 84) to represent two places on the surface of the 
globe, the arc TJ Z, or the angle U N F, is diff. of long, between A and F, 
and is East, the arc U Z being the difference of H K, and H is the 
difference of the longitudes of P K and P 0, or of any two places on those 
meridians, and W Z, the sum of W M', and M' Z is the difference of the 
longitudes of the meridians NWS and NZB'S. 

135. Horizon. — The remote bounding circle which, to an eye elevated 
above the surface of the ocean, appears to unite sea and sky is called the 
fisibk or sea-hori%on. A plane conceived to touch the surface of the earth at 
any place, and to be extended to the heavens, is called the sensible horizon of 
that place. And a plane parallel to this, but passing through the centre of 
the earth, is called the rational horizon of that place. 

136. When a ship in sailing from one place another, preserves the same 
angle with the meridians, as she crosses them in succession, she is said to 
Bail on a Rhumb Line. Thus, a ship in sailing from A to F (fig., page 84) is 
supposed to describe on the sea a curve A F, which cuts the meridians N A, 
NB, N C, &c, at the same angle ; that is, the angles NAF, NBF, N C F 
are supposed to be equal* The rhumb line coincides with the meridian when 



L 
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the course is due N. or S., or with a parallel of latitude when the course is 
due E. or W. On any other course but these the rhumb line is a spiral, 
approaching nearer and nearer to one of the poles at every convolution, 
but never reaching it. 

Such a curve is appropriately called the Equiangular Spiral, and the Loxodromic Curve; 
and also because, in sailing on it, we keep on the same rhumb or point of the compass, it is 
called the rhumb curve. That such a curve may be drawn through any two given points 
will appear from this consideration,— that from one of the points an infinite number of these 
curves can be drawn, making different angles with the meridian, and on some one of these 
the second point must lie. It is evident also that only one of these curves can pass through 
the two points. It is the track used ordinarily in navigation, for when out of sight of land 
the compass determines the ship's track, and hence the selection of that track which makes 
a constant angle with the meridian, the advantages of such a selection being that the sea- 
man is not required to alter his course. It would seem desirable to take the shortest route 
on the voyage, and this is the arc of a great circle ; but the great circle drawn between two 
places — except it happens to be on the equator, or a meridian itself — cuts successive 
meridians at different angles, as a little consideration will show. When in sight of his port 
the compass is no longer needed, and the rhumb line is given up, and the port is made for 
on the great circle. When accurately following the compass course, we are, in strictness, 
only approximating, though very closely approximating, to a rhumb line, on account of the 
continuous change in the variation, due to the magnetic pole and the pole of the earth not 
being coincident. 

137. The Course from one point of the earth's surface to another is the 
constant angle which the rhumb curve joining the two points makes with the 
meridians, or it is the direction in which a ship sails from one place to 
another, this direction being referred to the meridian, which lies truly north 
or south, or to the north or south line of the compass by which the ship is 
steered. The former is distinguished as the True Course, the latter as the 
Compass Course. 

The course steered is the angle between the meridian and the ship's head. 

The course made good is the angle between the meridian and the ship's 
real track on the surface of the sphere. 

The course is reckoned from the north towards the east or west, when the 
ship's head is less than eight points from the north ; and similarly from the 
south point. 

The course is measured in points of 1 1° 15' each, or in degrees and minutes. 

138. The Distance between two places is the arc of the rhumb line joining 
them, expressed in nautical miles of 60 to the degree of latitude. Thus (fig., 
page 84), the length of line A F, expressed in minutes of a great circle of 
the earth, is called the distance.' 11 ' 

It must never be lost sight of that the distance is not necessarily nor generally the 
slwrte&t distance between the two places, that is, the distance as the " crow nies.** On a 
Mercator's Chart the rhumb curve is represented by a straight line, but it must be borne in 
mind, that equal parts of any such line do not represent equal distances on the earth. 

The Meridian Distance between two places is the arc of a parallel of 
latitude between them. 



* Minutes of a great circle are usually called nautical miles, or simply miles. 
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140. Departure is the sum of all the intermediate meridian distances made 
in going from one place to another, computed on the supposition that the 
distance is divided into indefinitely small equal parts. It is the distance, in 
nautical miles, made good towards the east or west, and such departure is 
expressed in miles, and not like the longitude, in arc. When the two places 
are on the same parallel, the departure is identical with the distance. When 
the places do not differ much in latitude, and are on the same side of the 
equator, an approximation to the departure is found in the arc of the parallel 
of middle latitude included between the meridians of the two places. 

If the subjoined right angled plane triangles be taken to illustrate the terms 
defined above (Nos. 137 to 140), A B will represent the distance sailed, that 
is, the length of A F on the globe (see fig. 1 ) ; AC drawn N. and S., or in 
the meridian, shows the angle CAB the course ; A C will represent A 
(fig. 1), while B C drawn E. and W. will represent the sum of all the small 
departures H B, I C, K D, &c, from the successive meridians which it crosses. 
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141. If a ship's course be due north or south, she sails on a meridian, 
and therefore makes no departure ; hence the distance sailed will be equal to 
the difference of latitude. 

If a ship sails either due east or due west, she sails on a parallel of 
latitude ; in which case she makes no difference of latitude, and the departure 
is identical with the distance. 

When the course is 4 points, or 45 degrees, the difference of latitude and 
departure are equal. 

When the course is less than 4 points, or 45 degrees, the difference of 
latitude exceeds the departure ; but when it is more than 4 points, or 45 
degrees, the departure exceeds the difference of latitude. 

142. Magnetic Course is the angle which the ship's track makes with the 
magnetic meridian; such an angle can only be shown by a compass not 
affected with deviation ; but since the compasses of all iron ships have more 
or less deviation, and any course steered by such compass is magnetic in a 
certain sense, it has been deemed necessary to distinguish these when corrected 
fir deviation as correct magnetic courses. 

143. Compass Course is the angle which the track of the ship makes with 
the north and south line of the compass card ; such a course is affected with 
deviation and variation ; applying the deviation the result is the correct mag- 
netic course ; applying both the deviation and the variation it becomes the 
troe course. 



90 Navigation — Definition*. 



144. The True Bearing* of an object or place is the angle contained be- 
tween the meridian and the direction of the object, and is the same thing 
as the course towards it. It is thus qualified to distinguish it from the 
"Compass" and "Correct Magnetic Bearing." 

145. Correct Magnetio Bearing. — The " correct magnetic bearing " of an 
object is the angle which its direction makes with the magnetic meridian ; 
such an angle can only be found by a compass not affected with deviation. 
It is the bearing observed with the azimuth compass after being corrected 
for local deviation. 

A magnetic bearing as given in " sailing directions " and on charts is the 
correct magnetic bearing — in respect to a compass affected with deviation. . 

146. Compass Bearing. — The bearing of an object as taken by the com- 
pass. It is the angle between the direction of the needle of the standard 
compass on board the ship of the observer and the direction of the object, it 
is therefore affected by the deviation and variation of the compass ; but the 
deviation to be applied in this case is that due to the azimuth (direction) of 
the ship's head, not that on the point of bearing ; when this correction is applied 
it becomes the correct magnetic bearing, and if, further, the correction for 
variation be applied, the true bearing or azimuth is deduced ; E. deviation 
and variation to the right, W. deviation and variation to the left. 

Taking a bearing of an object is called setting it. 

The bearings of two objects, taken from the same place constitutes cross 
bearings, the lines of direction of the two objects intersecting or crossing 
each other at the place of the observer. 

147. The Tropics of Cancer and Capricorn are the parallels of latitude 
2 3 28' N. »and 8. The Sud is vertical at* noon twice in the year to every 
place between the tropics, and never to any place outside of them. 

The space between the tropics is called the Torrid Zone. 

148. The parallel of latitude which is 23 28' from the north pole is called 
the Arctic Circle ; and that which is at the same distance from the South 
pole is called the Antarctic Circle. Within these circles the sun does not 
set during part of the summer, nor rise during part of the winter. 

The spaces within these circles are called the Frigid Zone*. 
The spaces between the tropics and the polar circles are called the Temper- 
ate Zone*. 



* Before the introduction of iron in such large quantities into the construction and 
equipment of steamers and iron sailing ships, hearings and courses were deemed to he 
sufficiently well defined when spoken of as true and magnetic — the latter qualifying term 
being used simply to indicate the direction by compass as affected by variation only, according 
to tho locality. But, on hoard an iron ship, compass hearings and compass courses though 
magnetic inasmuch as they are the indications of a magnetic needle, are no longer such in 
the old sense of the term, since they are affected hy deviation. Under these circumstances 
it has heen found necessary, eHpecially in respect to this class of ships, to adopt a modifica- 
tion of the old nomenclature, and so " bearing" or "course" admits of an additional 
qualifying term not previously recognised, viz., correct magnetic. 
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149. Def.— The latitude and longitude of the place left are called the 
latitude from and longitude from ; the latitude and longitude of the place 
arrived at are called the latitude in and longitude in. 

150. Given the latitude from and latitude in or to, to find the true difference 
of latitude. 

To find the difference of latitude. (For definition, &c, see Nos. 128 and 
129, pages 85 and 86. 

EULB XLIV. 

i°. When the latitudes have like names — Subtract the less latitude from the 
greater, and multiply the degrees in the remainder by 60, adding in the minutes. 
The result is the true difference of latitude. 

2 . When the latitudes have unlike names — Take the sum of the two lati- 
tudes, reduce it to minutes. The result is the true difference of latitude. 

3 . To name the diff. lat. — If the latitude to is North of the latitude from, 

mark the diff. of latitude North (N.) ; but if latitude to is South of latitude 

from, mark diff. latitude South (S.) 

Latitudes are reckoned North and South of the Equator. If these different directions 
are considered the one positive and the other negative, the difference of latitude of two 
places is always found by taking the algebraic difference of their latitudes. 

Examples. 



Ex. 1. Find the diff. of lat. between 
Tynemouth Light, in lat. $5° l ' N. f and 
the Naze of Norway, in lat. 57 58' N. 

Lat Tynemouth 55 1' N. 
Lai Naze 57 58 N. 

* 57 
60 



177 N. 



The lat. from (Tynemouth) and lat. to (Naae) 
Wing of the tame name, that is, both North, the 
inference of them is taken for the diff. lat., and 
>nee we have to pass from the lower North lat. to 
a higher, the diff. lat. is marked North (N.) 

Ex. 3. A ship from lat. 32° 40' N., 
nils to lat. 20° 47' N. : what is the diff. 
of lat. made ? 

Lat. from 32 40' N. 
Lat to 20 47 N. 



" 53 
60 



D. lat. 713 8. 

The rtrip here passes from a higher N. lat. to a 
lower N. lat, and to do so most evidently pail S. ; 
whence we mark diff. lat. 8. 



Ex. 2. Required the diff. of lat. between 
Cape Formosa, in lat. 4 15' N., and St. 
Helena, in lat 15° 55' S. 

Lat 0. Formosa 4 15' N. 
Lat. St Helena 15 55 S, 

20 10 
60 

D. lat. 1210 S. 



The lat. from (G. Formosa) is North, amd the lat. 
to (St. Helena) is South, it is evident that the ship 
must sail South in order to pass from North lat. into 
South; whence we put South (S.) to the diff. of 
lat. 

Ex. 4. Required the diff. of lat between 
Port Natal, in lat. 29° 
in lat 20 8' N. 



53' S., and Akyab, 



Lat. Port Natal 29° 53' S. 
Lat Akyab 20 8 N. 



5° 
60 



D. lat 3001 N. 

As the ship (Port Natal) is in 8. hemisphere and 
Akyab is in the N. hemisphere, to pass from the 
former into the latter the ship must sail N. 
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Ex. 5. A ship from lat. 50 S. arrives in 
lat. 45 29' S. : what is the diff. of lat ? 

Lat. from 50 o' 8. 
Lat, in 45 29 8. 

D. lat. 4 31 = 271 N. 



12 30 = 7508. 

Here the ship passes from a lower to a higher 8. 
lat., and to do so must evidently sail S. ; whence S. 
is marked against the diff. of lat. 

(a) When one of the places has no latitude, or is on the Equator, the 
latitude of the other place is equal to the difference of latitude. 



Here the ship passes from a higher to a lower S. 
lat., and to do so must evidently sail N. ; whenoe 
the diff. lat. is marked N. 



Ex. 6. A ship from lat. 13 45' 8., 
arrives in lat. 26 15' S. : required diff. lat. 

Lat. from 1 3 45' 8. 
Lat. in 26 15 8. 



Ex. 7. A ship from a place A, lat. o, 
is bound to a place B, lat. 25 8. ; required 
the diff. lat. 

Sinoe lat. is reckoned from the Equator 
lat o° (N. or S.) to pass from o° to 25 S., 
the ship must evidently sail S. ; whence the 
lat. of B (25 ) is diff. of lat., and is marked 
8. 



Ex. 8. A ship from a place A, in lat. io° 
N M arrives at a place B, in lat. o°: re- 
quired the diff. lat. made. 

One place being on the Equator, and the 
other in io° N., the diff. of lat. is evidently 
10° or 600' and is named 8., because it is 
evident the ship must sail South to pass 
from io° N. to o° N. 

Examples foe Pbaotiob. 

Required the difference of latitude between the place A and the place B 
in each of the following examples : — 

i. Lat. A 55 o'N. 2. Lat. A 50°3&"N. 3. 

B 58 23 N. B 42 48 N. 

4. Lat. A 142 8. 5. Lat. A 13 15 8. 6. 

B 1 48 N. Boo 

7. Lat. A 10 10 N. 8. Lat. A 49 52 8. 9, 

Boo B 42 13 8. 

151. To find the meridional difference of latitude, having given the lati- 
tude from and latitude in. (For definition, see page 86, Nos. 130 and 131). 

RULE XLV. 

Take the meridional parts for the two latitudes from the Table of meridional 
parts ; take the difference if the latitudes are of the same name, but their sum if 
the names are unlike. The result is the meridional difference of latitude. 

Examples. 



Lat. A 58 24' 8. 

B 63 17 8. 
Lat A o o 

B 2 37 8. 
Lat. A o [7 8. 

B 1 17 N. 



Ex. 1. Lat. A 49 10' N., lat. B 27 
40' N. : find the mer. diff. of lat. 

Lat. A 49 10' N. M. parts 3397 
B 27 40 N. „ 1729 

Mer. d. lat. 1668 

Ex. 3. Lat. left 29 53' S„ and lat. to 
20 8' N. : required mer. diff. of lat. 

Lat left 29° 53' 8. M. parts 1880 

» "34 



Ex. 2. Lat. left 49° 58' S., and lat 
bound to 32° 42' 8. : find mer. diff. of lat 

Lat. left 49 58' 8. M. parts 3471 
Lat to 32 42 8. „ 2078 

Mer. d. lat. 1 393 

Ex. 4. Lat. from 46 40' N., and lat to 
34 22' 8. : find the mer. diff. of lat. 

Lat. left 46 40' N. M. parts 3173 
Lat. to 34 22 8. „ 2198 



Mer. d. lat. 5371 



Lat to 20 8 N. 

Mer. d. lat. 31 14 

Examples fob Practice. 
Find the meridional difference of latitude in each of the following 
examples : — 

1. Lat. from 34 40' N. Lat. in 33 20' N. 4. Lat. from 15 44' N. Lat. in 4 20' 8- 
a. „ 24 12 8. „ 15 18 N. 5. „ 60 20 8. „ 67 10 8- 



» 



49 10 8. 






5* 47 S. 



6. 



it 

99 



99 



4 20 N* 
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152. To find the latitude in, haying given the latitude from and true 
difference of latitude. 

EULfi XLVI. 

i°. When the latitude from and true difference of latitude have a like 
name— To the latitude from add the true difference of latitude (turned into degrees, 
minutes, and seconds, if necessary J : the sum will be the latitude in, of the same 
name as the latitude from. 

2 . When the latitude from and true difference of latitude have unlike 
names — Under the latitude from, put the true difference of latitude (in degrees and 
minutes', if necessary J ; the remainder marked with the name of the greater is the 
latitude in. 

Examples. 



Ex. 1. A ship from lat. 59° 27' 8., sails 
8onth f until the diff. lat. is 374 miles : re- 
quired the lat. come to. 



M37.4 

6° 14' 8. 



Lat. from 59 27' 8. 
D. lat. 6 14 8. 



Lat. in 65 41 8. 



Ex. 2. A ship from lat. 2* 25' N. sails 
South, 1 80 miles : what lat. is she in ? 



6,0)18,0 



Lat. from 2 25' N. 
D. lat. 3 o 8. 



Lat. in o 35 8. 



El 3. A ship from lat. $5° l> *N« **&* 
North, 94 miles : find the lat. in. 

6,0)9,4 Lat from ss° i':N. 
D. lat. 1 34 N. 



i°34' 



Lat. in 56 35 N. 

Ex. 5. A ship from lat. o° 49' 8. sails 
North, 83 miles : required the lat. in. 



In this example it is evident that as the diff. lat. 
is more than the lat. left, the ship must have crossed 
the Equator, and consequently has oome into South 
lat. 

Ex. 4. A ship from lat. 2 8° 39' N. sails 
South, 131 miles : required the lat. in. 

6,0) z 3, 1 Lat. from 28 39' N. 
D. lat 2 n 8. 



2° 11* 



Lat. in 26 28 N. 



6,0)8,3 



i° 



*3' 



Lat from o°49'8. 
D. lat 1 23 N. 

Lat. in o 34 N. 



Ex. 6. A ship from lat 3 12' N. sails 
South, 192 miles : required the lat. arrived 
at 



6,0)19,2 



3 12' 



Lat from 3 12' N. 
D. lat 3 12 8. 



On the Equator o o 



Examples fob Pbaotioe. 

Find the latitude in, in each of the following examples : — 

1. Lat from 3i°io' N. D. lat 172' N. 

104 8. 
190 N. 

357 N. 
168 8. 



2. 


n 


29 38 N. 


» 


3. 


n 


318. 


» 


4- 


n 


2 56 8. 


» 


J. 


n 


O O 


i> 



6. 

7- 
8. 



9- 
10. 



Lat. from o° 8' N. 
o 39 K. 

358N. 
4 48 8. 

35 *5 S. 



n 
» 



D. lat 182' 8. 

59 & 
238 8. 
288 N. 
229 8. 



ft 



153. To find the middle latitude, having given the latitude from and 
latitude in. (For definition see No. 1 32, page 86.) 

EXJLE XLVIL 

The name being supposed alike, that is, both North or both South — Add 
together the true latitudes, and take half the sum; the result is the middle latitude. 

Hon. — When the names are unlike, the middle latitude (which is seldom required but 
for obtaining the departure) should he found by means of a table ; but in this case, it may 
perhaps be as well to avoid the use of the middle latitude in any of the common problems 
of navigation. 
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Examples. 



Ex. i. Find the mid. l&t., having given 
the lat. from 50 2? N., and lat. in 47° 12' N. 

Lat. from 50 25' N. 
Lat. in 47 12 N. 

a)97 37 
Hid. lat. 48 48 



Ex. 2. Lat. from 6° 28' 8., lat. in 14 50'S. : 
required the mid lat. 

Lat. from 6°28'S. 
Lat. in 14 50 S. 

2)21 18 



Mid. lat. 10 39 

P,YATHT>T/Rft for Practice. 

Bequired the middle latitude in eaoh of the following examples : — 
1. Lai from 16* 10' S. D. lat. 138' S. 4. Lat. A 6f 5 3 S. Lat B 59° 10' 8. 

1 40 8. „ 61 8. 5. „ s 6 IO N. „ 50 15 N. 



2. 



11 



36 22 N. 



11 
11 



61 8. 
90 8. 



6. 



it 
11 



67 20 8. 



n 
n 



61 42 8. 



1 54. To find the difference of longitude, having given the longitude from 
and longitude to. (For definition see No. 1 34, page 86). 

EULE XLVni. 

1*. When the longitudes are of the same name — Take their difference and 
reduce the same to minutes, place E. or W. against the remainder, according as the 
longitude to is East or West of longitude from. 

2 . When the longitudes are of contrary names — Take the sum of the two 

longs., which sum, if less than 180 , is the diff. of long., and attach E. or W., 

according as the long, to is East or West of long, from ; hut when the sum exceeds 

180° subtract it from 360 , for the diff. of long., and reduce the remainder thus 

found to minutes, attaching to it the contrary name to that found in the usual 

way. 

Longitudes are reckoned East or West of the first meridian. If these different directions 
are considered one positive and the other negative, the difference of longitude of two places 
is always found by taking the algebraic difference of their longitudes. 

Examples. 



Ex. 1. Find the diff. of long., having 
given the long, from 89 42' W., and long, 
in 79 42' W. 

Long, from 89° 42' W. 
Long, in 79 42 W. 



10 o 
60 



D. long. 600 E. 

The ship here passes from a high W. long, to a 
lower, ana diff. long, must be E. to do so. 

Ex. 3. A ship from Cape Bajoli, long. 
3 48' E., is bound to Cape Sicie, in long. 
5 51' E. : required the diff. of long. 

Long. Cape Bajoli 3*48' E. 
Long. Cape Sicie 5 51 E. 



* 3 
60 



Ex. 2 . Bequired the diff. of long., having 
given the long, from 12 20' E., and long, 
in 20 45' W. 

Long, from i2 >o' E. 
Long, in 2 45 W. 



15 5 
60 



D. long. 123 E. 

The long, to Cape Sicie is E. of long, from Cape 
Bajoli, therefore, diff. of long, is marked E. The 
ship most evidently sail E. 



D. long. 905 W. 

The ship here passes from E. long, to "W. long., and 
in order to do so diff. long, must be W. 

Ex. 4. A ship from Tynemouth, in long. 
i° 25' W., is bound to long. 7 12' E. : re- 
quired the diff. of long. 

Long from i°25'W. 
Long, to 7 12 E. 

8 37 
60 



D. long. 5x7 E. 

The ship 'here is about to cross the meridian of 
Greenwich (long. 0°) and pass from W. loner, to E. 
long., whence the diff. of long, must be E. to do to. 
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Ex. «. Find the diff. long, between Aca- 
pnias long. 99 54' W., and Pellew Island, 
long. 1 34 21' £. 

Long. Acapulco 99 54' W. 

Long. Pellew Island 1 34 21 E. 

Being greater than 180 234 15 E. 
it is subtracted from 360 o 



Diff. of long, is 



125 45 W. 
60 



D. long. 7545 W. 



Ex. 6. A ship from long. 177 50' E. 
arrives in long. 17 8° 10' W. : what diff. of 
long, has she made ? 

Long, left 1 77 50' E. 
Long, in 178 10 W. 

Being greater than 180 356 o W. 
it is subtracted from 360 o 



Diff. of long, is 4 o E. 

60 



D. long. 240 E. 



By going E. and W. from Greenwich, the two 
piMM in this example will be found to be 234 15' 
trader, but as both places are for our purpose upon 
one circle, the smaller arc of the circle must be taken 
to find how far apart the places Acapulco and Pellew 
bland are separated ; so that the sum 23 4 xV is sub- 
tracted from 366 s , the whole circumference ox a circle, 
sir the required answer. 

Ex. 7. A ship from long. 5° 12' W. is I Ex. 8. A ship from lone. 165° E. is bound 
bound to a port in long. 90° W. : what diff. , to a place in long. 72 12 E. : what diff. of 
of long, must she make P long must she make P 



Long, from 5 12' W. 
Long, to 90 o W. 

84 48 
DO 



D. long 5088 W. 

The thin here passes from a len to a greater W. 
long. : and therefore the diff. of long, must-be W. to 
do so. 



Long, left 165 o' E. 
Long, to 72 12 E. 

92 48 
60 



D.long. 5568 W. 

The ship in this example sails from a greater to a 
lest long. (E. long. J, the diff. long, is therefore, of a 
different name to tne long. left. 



Examples for Practice. 

Required the difference of longitude between a place A and a place B in 
each of the following examples : — 



1. 


Long. 


A 9° 29' W. 


Long. 


B, 


, 4 29' W. 


7- 


Long. 


Ao°55'E. 


Long. 


B7 3'E. 


2. 


n 


1 25 w. 


91 




7 2 E. 


8. 


11 


40 10 E. 


11 


33 I0 E - 


3- 


i» 


6 11 E. 


»» 




5 45 W. 


9- 


11 


178 30 W. 


11 


178 30 E. 


4- 


n 





» 




4 20 W. 


10. 


V 


176 34 E. 


11 


176 34 W. 


5- 


if 


4 20 W, 


n 




10 E. 


11. 


11 


38 3* W. 


11 


8 43 E. 


6. 


11 


7 2 E. 


it 







12. 


11 


5 « W. 


11 


25 12 W. 



155. To find the longitude in, having given the longitude from and the 
difference of longitude. 

ETJLE XLIX. 

i°. When the longitude from and the difference of longitude have like 
names — To the longitude from add difference of longitude (turned into degrees, if 
ttceuaryj ; the sum, if not more than 180 , will be the longitude in, of the same 
*me ae the longitude from ; but if the sum exceed 180 , subtract it from 360% 
end the remainder i$ the long, in and of a contrary name to long. from. 

2 . When the longitude left and difference of longitude have unlike names 
—Under longitude from, put difference of longitude (in degrees and minutes, if 
ntcessaryj; take the less from the greater ; the remainder, marked with the name 
<fth* greater, is the longitude Jn. 
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Examples. 



Ex. i. A ship from long:. 5 1 2' W. makes 1 
diff. long. 113' W. : required the long in. j 

Long, from 5 11' W. 
6,0)11,3 D. long. 1 53 W. 

i° 53' W. Long, in 7 5 W. 



Ex. 3. A ship from long. o° 57' E. sails 
W. until her diff. of long, is 201' : find the 
long. in. 

Long, from o* 57' E. 
6,0)20,1 D. long. 3 21 W. 



3 21' W. 



Long, in 2 24 W. 



Ex. 5. Long, from 3 40' W., diff. of 
long. 220' E. : required the long. in. 

Long, from 3 40' W. 
6,0)22,0 D. long 3 40 E. 

3° 40' E. Long, in o o 

On the meridian of Greenwich. 



Ex. 2. A ship from long. i B 25' W. sails 
E. until her diff. of long, is 177' : required 
her long. in. 

Long, from i° 25' W. 
6,0)17,7 D. long. 2 57 E. 

2°57'E. Long, in 1 32 E. 

Ex. 4. Let the long, left be 174 4' W. f 
and the diff. of long. 797' W. : required the 
long, in. 

^0)79,7 Long, from 174 4' W. 

D. long. 13 17 *W. 

13° 17'W. 

Being greater than 1 8o° 187 21 W. 
subtract from , 360 o 

Long, in 172 39 E. 

Ex. 6. A ship from long. 177° 40' W. 
makes 140' diff. of long, to the W.: required 
the long, arrived at. 

Long, from 177* 40' W. 
6,0)14,0 D. long. 2 20 W. 

2 20' W. Long, in 180 o W. 

or, 180 o E. 



Examples fob Practice. 
Required the longitude in, or arrived at, in each of the following examples : 



»i . Long, from 5 48' W. D. long. 1 10' W. 

2. „ o 59 W. „ 137 E. 

3. „ 29 10 E. „ 114 E. 

4. „ 3 xo E. „ 220 W. 

5. „ 2 47 W. „ 242 E. 

6. „ 3 12 E. „ 237 W. 

13. Define meridian of the earth, equator, parallel of latitude. Which of these are 
great circles, and why P 



7. Long 
8. 

9- 

10. 

11. 
12. 



from 4i 29 , W. D. long. 139'E. 



94 4E. 
98 54 E. 

178 13 E. 
177 6 W. 

179 59 W. 



tt 


"5 


W. 


» 


302 


E. 


ft 


201 


E. 


>I 


237 


W. 


» 


2 


W. 



THE COMPASS. 



i ;6. The Compass* is simply an instrument which utilises the directive 
power of the magnet. A. magnetised bar of steel, apart from disturbing 
forces and free to move, points in a definite direction, and to this direction 
all others may bo referred, and a ship guided on any desired course. 

There are various adaptations of the instrument, according to the use it is 
specially intended for. The compass intended for use on board ship is called 
the " Mariner's Compass," and according to the purposes it is intended for it 
u named The Steering Compass, The Standard Compass, and The Azimuth 
Compass. 

157. The Mariner's Compass consists of a circular card, which represents 
the horizon of the observer ; the circumference or edge of the card being 
divided according to two systems of notation into points and degrees. 



* Tne origin of the compass is very obscure. The ancients ware aware that the loadstone 
attracted iron, but were ignorant uf its directing property. Thejnstrument oaine into use 
in Europe sometime in the course of the thirteenth century. 



9* The Campus*. 

i. By Points. — There are 32 points ; and each of those divisions is again 
sab-divided into four parts called quarter points. A point of the compass 
being therefore the 32nd part of the circumference of a circle is equal to 
ii° 15'. The four principal points, or, as they are called, the cardinal points, 
are the North (represented by N), South (S), East (E), West (W), the East 
being to the right and West to the left when facing the North. 

All the points of the compass are called by names composed of these four 
terms. 

Thus, the points half-way between the cardinal points are called after the 
two adjacent cardinal points ; hence the point midway between the North 
and East is called North-east, and represented by N.E. ; so midway between 
South and East is called South-east (written S.E.) ; in like manner we get 
South-west (written S.W.), and North-west (written N.W.) 

A point half-way between one of these last and a cardinal point is called, 
in like manner, by a name composed of the nearest cardinal point and the 
adjacent points, N.E., N.W., S.E., and S.W. Thus, the point half-way 
between N. and N.E. is called North-north-east (written N.N.E.); the 
point between E. and N.E. is called East-north-east (written E.N.E.) ; and 
so we have E.S.E., S.S.E., W.S.W., W.N.W., and N.N.W. Th# remaining 
sixteen points are reckoned from the cardinal or secondary point to which each 
is adjacent, the name of which it takes qualified by the name of the succeeding 
cardinal point towards which it lies. Thus, the point next to N., on the east 
side, is called North by East (written N. by E.) ; that next N.E., towards the 
north, is called North-east by North (N.E. by N.) ; and so we have 
N.E. by E., E. by N., E. by S., S.E. by E., S.E. by S., S. by E., S. by W., 
S.W. by S., S.W. by W., W. by S., W. by N., N.W. by W., N.W. by N., 
N. by W. 

The points of the compass are frequently spoken of with reference to their 
position to the right or left of the cardinal point towards the spectator is 
looking ; thus, N.N.E. is said to be " two points " to the right-hand of North ; 
W.N.W. six points to the left of North. 

A half-point, which is the middle division between two points, is called 
after that one of its adjacent points which is either a cardinal point or is the 
nearest to a cardinal point. Thus, the middle division between N. and 
N. by E. is called North-A0^-east (written N. £ E.) Half-points near N.E., 
N.W., S.E., and S.W., take their name from these points. Thus, we say, 
N.E. i N., N.E. by E. i E. 

The same holds for a quarter and for three-quarters as for a half-point, 
all of which are named upon the same principle as the subordinate points. 

In chosing the name to use we must be guided by circumstances. In 
some problems it is convenient always to reckon uniformly from North or 
South, but generally the simpler name will be the preferable one ; and simi- 
larly for quarters and three-quarters of a point. 

2. By Degrees. — The whole circumference is divided into three hundred 
and sixty degrees (360 ), each degree into sixty minutes (60'). This furnishes 
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a notation for the compass more minute then points, half points, and quarter 
points. We still reckon from the cardinal points ; thus, to indicate a division 
which has 71° 48' to the east of North we write N. 72 48' E. 

The name of the -opposite point to any proposed point is known at once, 
without referring to the compass, by simply reversing the names or the letters 
▼hich compose it — thus, the opposite of N. being S. and of *E. being W., the 
opposite point to N.E. by,N. is at once known to be S.W. by S., the opposite 
of W. i S. is E. i N. and so on. 

158. Eepeating the points in any order is called boxing the compass ; to do 
this is, of course, one of the first things a seaman learns. 

159. As the ship's course, which is sometimes expressed in points and 
sometimes in degrees, is always reckoned from the North or South point, the 
seaman has to refer at once, in using the Tables, to the number of points or 
dqrm in any course given by name. The following table, which exhibits the 
degrees, minutes, and seconds in each quarter point of the compass, will be 
convenient for reference. 

A TABLE OF THE ANGLES, 

which every Point and Quarter Point of the Compass makes -with the Meridian. 



BOOTH 



H. by E. 



NJT.E. 



N.E.byN. 



N.K 



S£. by E. 



&NJB. 



E.byN. 



East 



N.byW. 



NJNT.W. 



N.W.byN. 



N.W. 



N.W.byW. 



W.N.W. 



W. by N. 



West. 



Points 



2 48 

5 37 

8 26 

" 15 

*i 3 

10 52 

19 41 

22 30 

25 18 

28 7 

30 56 

33 45 

36 33 

39 22 

42 11 

45 o 

47 4 8 

50 37 

53 26 

56 15 

59 3 

61 52 

64 41 

67 30 

70 18 

73 7 



Points 



SOUTH 



7> 
7* 



56 
45 



81 33 

84 22 

87 11 

90 o 



S. by E. 



S.S.E. 



S.E. by 8. 



&E. 



S.E. by E. 



E.S.E. 



E. by 8. 



East. 



S. by W. 



8.S. W • 



S.W. by S. 



8.W. 



8.W. by W. 



w»s.w. 



W. by S. 



West. 



160. The card is laid upon a magnetic needle, which is a small steel bar 
Bagnetised, the north end being attached to the north end or pole of the 
needle.* The whole is then balanced on a sharp centre or pivot rising from 



* Some compass cards carry on their lower surface, one, two, four, or more parallel mag- 
neto with similar poles pointing in similar directions. The object of using several magnets 
is to increase the magnetic moment of a given weight of steel. 



ioo The Compass. 



the bottom of a brass bowl, and covered with glass. The bowl having a 
weight fixed to it below, is placed in gimbals, which are brass hoops or rings, 
so arranged as to admit of motion about two independent horizontal axis at 
right-angles to each other, i.e., each turning upon two pivots at opposite 
points of the hoop next greater in size ; by this means the loaded bowl re- 
mains nearly horizontal during the confused and irregular motion of the 
ship. The pivots of the outer ring fit into bearings in the binnacle (a turret 
shaped case fitted with panes of glass and a lamp) and constitutes the 
Steering Compass. 

161. The helmsman steers the ship so that a line parallel to the keel 
passes over the centre of the card, and the point prescribed as the coarse. 
Care is taken to place the box so that the lubber's point in the bowl and the 
centre of the card are in a line fore-and-aft, or parallel to the keel ; but as 
lubber's point deviates a little from its proper position when the ship is 
heeled over, seamen do not implicitly depend upon it, as, indeed, the name 
implies. 

162. The Azimuth Compass is a compass of superior construction, parti- 
cularly adapted to observe bearings. It is mounted on a stand, and is fitted 
with two small frames carrying vertical wires, called sight-vans*, for the 
purpose of observing objects elevated above the horizon. In one of these 
vanes there is a long and very narrow slit, and in the other is an opening of 
the same kind, but wider, and having a wire up and down the middle of it, 
exactly opposite the slit. 

163. In the best modern instruments, a horizontal ring is expressly pro- 
vided to carry the vertical wire frame, and instead of having a wire next the 
oye, a glass prism, acting by internal reflection, is placed there, so arranged 
that one half of the pupil of the eye can observe the wire on the further side 
of the horizontal ring and the distant object, and the other half of the pupil 
can see the graduations of the compass card by internal reflection in the 
prism. This prism is a solid piece of glass, whose sides are parellelograms 
and ends triangles. The compass card is very carefully and minutely grad- 
uated ; besides the points and quarter points being marked, the circumference 
over which the prism passes is graduated in degrees, and usually cut to every 
20', and this graduation is arranged so that we may read off the bearing at 
once, and is reckoned in more ways than one, for facilitating taking bearings 
from different cardinal points. . The card can be brought to rest by a stop. 
There is also a contrivance for throwing the card off its centre when the 
instrument is not in use, to prevent the fine pivot being worn, and the sensi- 
bility of the compass impaired. This instrument is known as the Prismatic 
Azimuth Compass. 

1 64. In observing bearings on board ship the card should never be stopped, 
but two or more bearings being read off as quickly as convenient, the mean 
should be used ; for, as the vessel, and consequently the compass-card, have 
always some motion,' the card may not therefore be stopped exactly in the 
middle of its vibration, which as may be supposed to vibrdte equally on both 
sides of the line of direction of the object, is essential to the true result. 
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165. Standard Compass. — The Standard Compass on board ship is the one 
placed on a particular spot on deck, or above it, where the local deviation is 
nothing, or very small. Such a compass will show magnetic bearings correct, 
or of ascertained errors, and the deviation of the Steering Compass can at 
any time be determined by a comparison with it — all other compasses em- 
ployed being in fact simply considered as auxiliaries to it. It should be fitted 
with an azimuth circle. This circle should be graduated so as to show the angle 
between the ship's head and any heavenly body, as measured on the horizon, 
without using the compass card ; the sight-vanes and reading prism should 
be fitted to the azimuth circle in such a way as to turn freely in azimuth, 
without moving the compass bowl or disturbing the card. 



SELECTION OF BEST POSITION FOE COMPASSES. 

166. Standard Compass. — The Standard Compass should be placed 
in the middle of the ship, and fixed on a permanent and secure pillar or 
rapport, raised at such a height as to permit amplitudes of the sun and bear- 
ings of the land to be conveniently observed by it. It should also be in a 
position as far as possible removed from any considerable mass of iron — at 
least 5 feet from iron deck beams — and should not be within 10 feet of the 
extremity of any elongated iron mass, especially if vertical, such as funnels, 
stanchions, or the spindle of the wheel; and it should be received as a 
general rule that no iron, subject to occasional removal, is to be placed within 
15 feet of this compass, either on the same deck or that below it. 

167. Steering Compasses being placed according to the requirements of the 
ship, the moderate and uniform amount of deviation generally attainable at the 
8tandard Compass by selection of position, cannot always be secured. Still 
we should do the best we can, for if, as frequently happens, the steering wheel 
is placed near an iron stern-post or rudder-head, and further fitted with an 
iron spindle— near which, of necessity, the steering compass is fitted — then 
large and perplexing deviations may be expected, defying even approximate 
correction by magnets, causing much inconvenience to the helmsman, and 
possibly a total loss of the services of the compass on the ship proceeding into 
southern latitudes. 

The following rules to avoid the inconvenience and even danger just 
pointed out, have been recommended in selecting a place for steering com- 
passes : — " Not to be within half the width of the ship from the stern-post or 
rudder-head ; the spindle of the steering wheel and the foremost support on 
which the wheel works not to be of iron ; avoid vertical iron." The needle 
should be at least 3ft. 6in. from iron deck beams, and as much higher as 
can be made convenient to the helmsman. 

In addition to the rules already given for the guidance of seamen, the 
following (given by Capt. Evans, Superintendent of the Admiralty Compass 
Department) are worthy the attention of the Naval Architect and those 
superintending the equipment of the ship : — " 

1. In all designs for the construction of iron ships, a place to be prepared 
for the Standard Compass, and to be shown in the plan, 
a. The Standard Compass not to be within half the breadth of the ship 
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from the rudder-head and stern-post or iron cased screw well, not to be 
nearer an iron deck or iron deck beams than dve feet. 

3. In ships built near North, the Standard Compass to be as far forward 
as the requirements of the ship will permit. In ships built head near South, 
to be as far aft as* the requirements of the ship will permit, subject to Rule 2. 
In ships built nearly East or West, the Standard Compass not to be near 
either extremity of the vessel 

4. To be as far as possible from transverse iron bulkheads. 

5. As far as possible, no masses of iron — as boilers, engines, bulkheads, or 
stanchions — should be placed below the compass, or within 55 of the vertical 
line through the centre, the angle being drawn from the compass as centre 
to the centre of the mass in question.* 

168. There is no advantage in having a large number of compasses in a ship : 
since unlike the mean results of a number of chronometers, for example, the 
mean results of any number of compasses need not necessarily be near the 
truth, as they may all be largely in error, and that error may be all in one 
direction. Hence the necessity of depending upon one compass alone, but 
that compass should be in the best position in the ship, of the best manu- 
facture, and the constant attention of the navigator should be devoted to 
ascertain its errors. 

Note.—" Comparative Merits of Large and Small Compasses.— Of late yean much, 
diversity in practice has prevailed as to the size of compasses for use on board ship. The 
Admiralty Standard Card, for example, is fitted with needles, the maximum lengths of 
which are 7$ inches, while in large passenger steam vessels the needles are frequently ia to 
15 inches, and even longer. The chief object in the employment of large compasses is to 
enable the helmsman to steer to degrees, and a more accurate course is presumed to be 
preserved. 

"With reference to this increased size it mast be observed that competent authorities 
limit the length of efficient compass needles to 5 or 6 inches ; beyond this limit an increase 
of length is alone accompanied by an increase of directive power in the same proportion, 
and if the thickness of the needle be preserved, the weight, and consequently the friction, 
increases in the same ratio. No advantage of directive power is therefore gained by 
increase of length, but with the increased weight of the card and appendages, the increase 
of friction probably far exceeds the increase of directive force ; sluggishness is the result, 
which is further exaggerated by the extreme slowness of oscillation of long needles 
compared with short ones. 

" Large cards, however convenient in practice, are therefore not without danger, for the 
course steered, may deceive the seaman by seeming right to the fraction of a degree, but 
which avails little if the card itself is wrong half a point, and the ship in consequence 



* Investigation has shown that the effect of a sphere of iron within this cone is prejudicial 
by fliTniniahing the directive force and increasing the heeling error to windward — when 
without the cone it would be beneficial in both respects. Hence the recommendation. 

With reference to the magnetic character of boilers, or tanks, it has been stated that the 
effect is the same as if they were solid bodies, on the assumption that magnetism exists 
entirely on the surface of iron masses. This is not the case ; it is, however, true that the 
effect of hollow masses of iron increases very rapidly with the increase of the thickness of the 
iron, so that the limit of thickness is speedily reached when the effect of the body is sensibly 
the same as if it were solid ; for example, in a tank 4 feet in diameter and i-ioth of an inch 
thick, the effect is about J of a solid mass of the same size ; in a similiar sized tank J ot an 
inch thick, the effect would be about half that of a solid mass. — See a valuable investigation 
by Mr. Archibald Smith, in the Phil. Trans, for 1865, pages 304—318. 
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hanrded. In the opinion of the 'writer, the present Admiralty Standard Card is as large as 
■hould be used for the purposes of navigation, and that as regards safety in the long, steady, 

and fitft ship ; the choice is really between the Admiralty Card and a smaller one. In 
■hart, the question may be thus stated : —the smaller a card the more correctly it points, the 
larger a card the more accurately it is read." — Manual of the Deviation of the Compose, by 
OepL Boons, RJT. 



ADJUSTMENTS OF THE COMPASS. 

169. (1.) The direction of the magnetism of the needle or the " magnetic 
axis" should be in a line along the middle of the needle itself, otherwise the 
needle will not point with exactness to the magnetic North and South. To 
examine whether this is the case reverse the needle on the card. If after this 
reversion the N. and S. points of the card are also found to be reversed, the 
adjustment is good. 

As this error obviously affects all points of the compass alike, it may be 
included in the total variation of the particular compass as found by obser- 
vation and therefore need not be made the subject of special examination. 

(2.) The pivot must be in the centre of the graduated circumference of the card. 
If it is not, the difference of bearing of two objects will not be the same when 
measured on different parts of the edge. This adjustment is generally good. 

(3.) The line joining the eye-vane and the object-vane, called the " line of sight " 
of the Azimuth Compass, must pass directly over the pivot. This condition is 
examined by noting carefully the bearing of a distant object, and then turn- 
ing the compass half round, so as to reverse the vane and the slit, and then 
repeating the observation with an object eight points from the first. The 
bearings taken directly should be identical with those taken by reversion. 
The effects of this error, if any, may be eliminated by taking the mean of the 
direct and reversed bearings every time the instrument is used. 

(4.) The sight vanes must be vertical, i.e., the eye-vane and the object-vane must 
each be vertical. 

This can be examined only on shore, by observing whether the wires coin- 
cide through their length with a plumb line, or any vertical edge. When 
this adjustment is not perfect, or when the bowl is not maintained in a strictly 
horizontal position, bearings are most correctly obtained when the object is 
low. 
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170. The corrections of the compass are those quantities which must be 
applied to the indications of the instrument to obtain the reading that would 
be given if the north point of the compass-card always corresponded to the 
north point of the horizon. Three corrections are sometimes necessary to be 
applied to the course steered by compass, to reduce it to the true course ; and 
the converse. These are called 

1 . The Leeway. 

2. The Variation of the Compass. 

3. The Deviation of the Compass. 

1. LEEWAY. 

171. The angle included between the direction of the fore-and-aft line or 
keel of a ship, and that in which she moves through the water, as indicated 
by her wake, is called the Leeway. 

A ship is said to be on the port taok when the wind is on her port side, 
that is, on the left hand side of a person looking forward ; and on the star- 
board tack when the wind is on her starboard side, that is, on the right hand 
side of a person looking forward.* 

When the ship is not going before the wind, she will not only be forced 
forward in the direction of her head, but, in consequence of the wind pressing 
againt her sideways, her actual course will be to " leeward" of the apparent 
course she is lying. The amount of leeway differs in different ships ; depend- 
ing on their construction, on the sails set, the velocity forward, and other 
circumstances. Experience and observation are required to judge what 
amount of leeway to allow in each case. The correction for leeway is necessary 
to deduce the course made good from the course steered, and it is one of the 
corrections to be applied in reducing the compass course to the true course 
in the day's work ; the correction being allowed according to 

EULE L. 

When the ship is on the port tack, allow the leeway to the right of the course 
steered; but when on the starboard tack, allow it to the left, the observer looking 
from the centre of the compass towards the point the ship is sailing upon. 

Examples. 



Ex. 1. The course steered is N.W. by 
W., the wind N. by E., leeway 1 J points. 

The ship has the starboard tacks on board ; 
therefore, the leeway (ij points) allowed to 
the left of N.W. by w., gives corrected 
Course W, by N. J N. 



Ex. 2. Coarse by Compass S. by E., 
wind E. by S., leeway 2* points. 

The ship is on the port tack, then 2f 
points allowed to the right of S. by E., is 
S, by W. I W.', the Course correoted for 
leeway. 



* A ship is said to be on the took of the side from which the wind comes ; even if it be on 
the quarter. 
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Ex. 3. Course N.E. by N., the wind 
X,W. by N., the leeway 1 point. 

The ship being on the port tack, 1 point 
to the right, of N.E. by N. is N.E., the cor- 
rected Course, 



Ex. 4. Course steered W. by S., the 
wind N.W. by N., leeway 3J points. 

The ship is on the starboard tack, 3 J points 
to the left of W. by S. is S.W. ± S., the 
Compass Course made good. 



172. The points of the compass are frequently treated with reference to 
their position to the right or left of the cardinal point towards which the 
spectator is looking, thus N.N.E is said to be "two points to the right of 
North;" W.N.W. " six points to the left of North." Adopting this notation 
the work in the above Examples will stand thus : — 



Ex. 1. 
Course steered N.W. by W. is 5 pts. L of N 



Leeway carries ship 



ij „ LofN 



Sum is corrected course 6 J „ L of N 

or W. by N. f N. 

Ex.3. 

Course steered N.E. by N. is 3 pts. R. of N. 
Leeway carries ship 1 ,, B. of N. 

Son is corrected course 



Ex. 2. 

Course steered S. by E. is 
Leeway carriea ahij 



i pt. L of S 
2} „ RofS 



The difference is 



4 



„ RofS 
S. by W. f W. 



it 



Ex. 4. 

Course steered W. by S. is 7 pts. R. of S. 
Leeway carries ship 3} „ L. of S. 



4 „ R. of N. 

or N.E. 



The diff. is corrected course 3 J ,, R. of S. 

or S.W, J S. 

Examples fob Practice. 
Correct the following courses for leeway : — 



Course Steered. Wind. 

1. 8.8. W. S.E. 

a. S.W. iW. W.N.W. 

3. N.byE. E. byN. 

4. N.N.E. JE. N.W. J N. 




Course Steered, 

5. E.JN. 

6. N.W.fN. 

7. S.W. bv W. 

8. N.E. JE. 



Wind. Leeway. 

N. by E. if 

N.E. by E. if 

S. by E. 2$ 

N. by W. 1 J 



(a) When the ship is hove-to, take the middle point between that to which she 
comes np and that to which she falls off for the compass course, and correct this 
for leeway. 

Examples. 



Ex. 1. A ship lying- to under her main- 
nil, with her starboard tacks aboard, comes 
up E. by S., and falls off to N.E. by E. f 
making 5 points leeway. What compass 
worse does she make good ? 

The middle point between E. by S. and 
N.E. by E. is E. by N., then 5 points to the 
kfl hand gives N.N.E., the compass course 
Bade good. 

Ex. 3. A ship lying-to comes up S. by E. 
and falls off to S.E. by E., tha wind being 
S.W., making 5 points leeway : required the 
compass course. 

The middle point between S. by E. and 
8.E. by E. is S.E. by S., then 5 points to 
the left hand (the ship ha vine starboard 
tacks on board) is East, the coii^ -s course 
made good. 



Ex. 2. A ship lying-to under a close- 
reefed main- topsail, with her port (larboard) 
tacks on board, comes up to S.S.W. and 
falls off to S.W. by W M making 2* points 
leeway. What compass course does she 
make? 

The middle point between S.S.W. and 
S.W. by W. is S. W. J S., then 2$ points 
to the right hand is W.S.W. 

Ex. 4. A ship lying-to with port tacks 
on board, comes up W. by S. and falls off 
N.W. by W., making 5 points leeway. 
What course does she make good ? 

The middle point between W. by S. and 
N.W. by W. is W. by N., then 5 points to 
the right hand is N.N.W., the compass 
course made good. 
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2. THE VARIATION OF THE COMPASS 

173. The needle points to the magnetic north, which in few parts of the 
world agrees with the true north, the difference between them is called the 
Variation of the Compass.* 

The variation is said to be easterly when the north end of the needle is 
drawn to the eastward, and westerly when drawn to the westward of the true 
north ; thus, when the north end of the needle points to that part of the 
horizon, which is true N.N.W. £ W., the variation is said to be z± points 
west ; but when it points to the N. by E. part of the horizon, the variation is 
said to be 1 point eaBt. 

174. The variation is different in different places,! and it is also subject 
to a slow change in the same place, and becomes alternately east and west. J 
It also changes slightly at different times of the day.§ Its value for each 
locality is indicated on charts, and always to be found by easy methods. 

175. Variation is one of the "corrections" in deducing the true course 
and bearing from the course and bearing observed with the compass. It is 
given on the charts used in navigation. > 

The method of correcting Compass Courses or Bearings for Variation will 
be readily understood by means of an example. 

Suppose the variation of the compass is found to be two points east — That is, the needle 
is directed two points to the right of the north point of the heavens — that is, points N.NJS. 

* This is the term commonly employed by nautical men ; but among men of science the 
term " Magnetio Declination " is usually substituted for *' Magnetic Variation." 

f At Greenwich, at the present time, the variation is 20 W., or the North end of the 
magnetio needle does not point exactly North, but 20 W., of North. In the West Indies 
the variation is o ; at Cape Farewell, 53° W. ; at Cape Horn, 23 E. ; at Hobart Town, io° 
£. ; at Canton i° £. ; and Cape of Good Hope, 29}° W. Generally in Europe, Africa and 
the Atlantio, the variation is westerly, while in America, and the Pacific, it is easterly. 

J " The system of Magnetio Meridians has undergone considerable changes in the times 
of modern accurate science. The southern point of Africa received from the Portuguese 
voyagers in the fifteenth century the name of L'Agulhas (the needle), because the direction 
of the compass needle or the Local Magnetic Meridian, coincided with the Geographical 
Meridian : it now makes with it an angle of about 30° W. In the sixteenth century, the 
the compass-needle in Britain pointed east of north : it now points from 20° to 30 (in differ- 
ent parts of the British isles) west of north. At the present time, a change of the opposite 
character is going on: in 18 19 the westerly declination at Greenwich was about 24° 23', 
which was probably its maximum ; in the last 30 years it has diminished from 23J to 20 4 
nearly. It is believed that the magnetic poles are rotating round the geographical poles 
from East to West." — A Treatiw on Magmtism, designed for the use of Students in the 
, University. By George Biddell Airy, M.A., L.L.D., D.C.L. 

§ Besides the gradual changes which occur in terrestial magnetism, both as regards 
direction and intensity of force, in the course of long periods of time, there are minute fluctu- 
ations continually traceable. To a certain extent these are dependent on the varrying 
positions of the sun, and, to a much smaller extent, of the moon, with respect to the place , 
of observation ; but over and above all regular and periodic changes, there is a large amount j 
of irregular fluctuations, which occasionally become so great as to constitute what is called 
a magnetic storm. These variations occur with great rapidity, causing deflections to the 
right and left comparable in their rate or period of alternation with ordinary telegraphic 
signalling ; accidental variations of 70' have been observed. " Magnetic storms " are not 
connected with thunder-storms, or any other known disturbance of the atmosphere ; but 
are invariably connected with exhibitions of aurora borealis, and with spontaneous galvanic 
currents in the telegraphic wires, and this connection is found to be so certain, that upon 
remarking the display of one of the three classes of phenomena, we can at once assert that 
the other two are observable (the aurora borealis sometimes not visible here, but certainly 
visible in a more northern latitude). 
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instead of K. ; then the N.N.W. point of the compass card will evidently point to the true 
north, and every other point on the card will be shifted round two points. If, therefore, a 
ship is sailing by compass N.N.W., or, as it is usually expressed, her compass course is 
N.X.W., her true course will be north ; that is, two points to the right of the compost course. 
In a similar manner it may be shown that when the variation is two points westerly, the 
true course will be two points to the left of the compass course. 

176. To find the true course, the compass course being given. 

# 

EULE II. 

AUow easterly variation to the right of the compass course, 
westerly „ left „ „ 

looking from the centre of the card over the point to be corrected.* 

Examples. 



Taking the courses between North and 
South round by east. 

Ex. 1. Course steered N.E. by E. vari- 
ation 2} points West, to find the true course. 

Hare the compass course is N. 5 points E., and the 
vitiation is westerly, and hence must he applied to 
the k/t, thereby bringing it 2} points nearer to the 
North (N. s £.— 2]=N. 2} £.), that is. within i£ 
Prints of North ; the true course is therefore N.N.E. 

Ex. 3. Course by compass N.N.E., vari- 
ation 2} points West, the true course 2 J points 
to the left hand of N.N.E., or N. J W. 

Ex. 5. Compass course S.E., variation 
ij points Bast, then the true course (allowing 
the variation to the right) will be S.S.E. J 
E., or S. 2| points E. 

Ex. 7. Compass course East, variation 
2 points Westy then allowing 2 points to 
the left gives true course E.N.E. 

Now proceeding to the courses between 
North and South round by West. 

Ex. 9. Course by compass N.W. J W., 
variation 2 points Jrest, then the true course 
(allowing the variation to the left) will be 
W. by N. i N., or N. 6J points W. 

Ex. 11. Again, compass course S.W. by 
8., variation 2* points West, the true course 
(allowing variation to the left) will be S. J 
W. 

Ex. 13. Compass course 8,8. W., varia- 
tion 3} West, then allowing zi W. to the 
Wt of 8.S.W. gives S. by E. ± E., or ij 
points E. 



Ex. 2. Course steered the same, viz., 
N.E. by E., variation if points East. 

Here the compass course is N, 5 points £ v and the 
variation Easterly, and henoe must be applied to the 
right, thereby carrying the course away from the 
North towards the East, that is, 61 points to the 
Eastward of North (N. 5 E. + if E. = N. 6} E.) ; 
the true course is therefore E. by N. £ N. 



Ex. 4. Compass course 8. by E. varia- 
tion 2j East, 2J points allowed to right of 
S. by E. is S. by W. J W., or 8. ij W. 

Ex. 6. But compass course 8.E., varia- 
tion 2J points West, then the true course 
(allowing the variation to the left) will be 
E. by S. J S„ or 8. 6} points E. 

Ex. 8. Compass course E., variation 2} 
points Bast, then the true course (allowing 
the variation to the right hand) is S.E. by 
E. JE. 

Ex. 1 o. Taking the same compass course, 
viz., N.W. i W., when the variation is 1 J 
points East, the true course (allowing the 
variation to the right) will be N.W. by N., 
or N. 3 points W. 

Ex. 12. Compass course S.W. by 8. (as 
before) variation ij East, the true course 
(allowing the variation to the right) will be 
8. W. f W., or 8. 4} points W. 

Ex. 14. Compass course W., variation 
2 J E., then the true course (allowing 2 J 
points to the right) is N.W. by W. } W* 
or N. 5 j points W. 



* Ite learner must be careful to remember when correcting his courses that he is to 
■oppose himself looking from the centre of the card over the point to be corrected. When he places 
the compass card before him, mistakes very frequently occur in the application of the varia- 
tion between the east and west points round by south ; thus — taking the compass with the 
north point placed before or from the observer, while an error could scarcely arise when 
correcting courses in the N.E. and N.W. quadrants, it would be different with the S.E. 
and S.W. quadrants, unless he bore in mind, that in the latter instance the compass card 
should be placed before him, as if he were feeing the south. From what has been said it 
will be seen that in correcting courses, the significance of Bight on the face of a compass 
cud, is as the hands of a watch move over the dial, and Lsrr the contrary directum. 
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Ex. 15. But with compass course "West, Ex. 16. Compass course N.N.W. J W., 



and variation 35 West, then allowing 3J variation 3I points East, then $\ points to 

-ue course is the right of N.N. r ^ 
S.W. J W., or S. 42 points W. 



points to the left of W., the true course is 



the right of N.N. W. J W., is N. J E. 



177. The learner should so familiarise himself with the compass card as 
to be able entirely to dispense with its use in correcting courses, and when 
he has acquired such knowledge, he will find the following rule serviceable, 
in which the points'of the compass are treated numerically. 

EULE LEE. 

i°. Put down the points and quarter points which the compass course is to 
the right or left of North or South, marking them E. or L. accordingly. 

z*. Underneath put the variation, marking it also E. or L., accordingly as it 
isE.orW. 

3°. If the names are alike, take the sum, with that name, for the true course. 

(a) When the sum amounts to 8 points, it is either E. or W. 

(b) When the sum exceeds 8 points, take it from 16 points ; the remainder 
is the true course to be reckoned from the opposite point to that which the com- 
pass course is reckoned from. 

That is, it is to be reckoned from the North if it had previously been reckoned from S., 
but marked S. if previously marked N. ; also, if marked L (left) change to R (right) ; but 
if marked R change to L. 

4 . If the names are unlike, take the difference, and mark it the same name 
as the greater. 

(c) If the variation being subtractive, exceeds the amount from which it is to 
be subtracted, take the points of the course from the variation, and name it the 
course towards West if it had previously been Easterly, but towards the East if 
it had been Westerly. 

(d) Also bear in mind that o points is either North or South as the case may 
be. 

The following are examples of this method of applying the variation, and 
the numbers and letters in brackets refer to the rule as given above : — 

1. Compass Courses :— S.S.W. ; N. by E. J E. ; W.S.W. ; and E. by N. Variation 3$ 
points Easterly. Required the True Courses. 

S.S.W. N.byE. J E. W.8.W. E. by N. 

S.8.W. = 2 R. ofS. 1 JR. ofN. 6 R. ofS. 7 R. ofN. 

Var. 3iB-[3°] ^i **• [3°] 3* K [b] J* K. [b] 

Sum 5J R. of S. 5 — 9J R. of S. — 10J R. of N. 

— — 16 16 

S.W. by W. i W. N.E. by E. — — 

Here the turn is taken for the Here the names being 61 L. of N. 5 J L. of S. 

true course, the names being alike the sum is taken. _ 

***•• (See No. 3 ) W. by N. J N. S.E. by E. J E. 

2. Compass Courses :— N.N.W. ; S. by E. ; W. \ N. ; and E. by S. Variation 2 \ W. 

N.N.W. S. byE. W. \ N. E. by S. 

2 L. of N. 1 L. of S. 7J L. of N. 7 L. of S. 

2JL. [3 ] 2*L. [3°] j4L. [b] ^2jL. [b] 

4J L. ofN. 3i L. of S. — 10 L. ofN. — 9$ L. of S. 

— — 16 16 



N.W. J W. S.E. J S. 



6 R.ofS. 6J R.ofN. 

W.S.W. E. by N. } N. 
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3. Compass Courses :— N.E. J E. ; S.W. } W. : N. by E. ; and S. by W. Variation 2J 
points West. 

N.E.JE. S.W. fW. N.byE. S.byW. 

4JR. ofN. 4}R. ofS. 1 R. ofN. 1 R x . ofS. 

2JL. [4 ] 2JL. [4 ] iJL. [c] 2jL. [c] 

aJR.ofN. a JR. of 8. iJL. ofN. i£L. ofS. 

N.N.E. I E. 8.S.W. i W. N. by W. J W. S. by E. J E. 

4. Compass Courses :— N.W. by W. ; S.E, by E. ; N. by W. J W. ; and S. by E. 
Variation 3- points East. 

N.W. by W. S.E. by E. N. by W. } W. S. by E. 

5 L. ofN. 5 L. ofS. iJL. ofN, 1 L. ofS. 

S}R. [4 ] 3iR- [4°] . 3iB. [0] 3iR. [0] 

i|L. ofN. i£L. ofS. 1 JR. ofN. 2JR. ofS. 

N. by W. } W. 8. by E. J E. N f by E. J E. 8.8. W. \ W. 

5. N.N.E., Variation 2 points W. ; S. by E., Variation 1 point E. ; W. by 8., Variation 
1 point E. ; and E.S.E., Variation 2 points W. 

N.N .E., Var. 2 W. S. by E., Var. 1 E. W. by 8., Var. 1 E. E.S.E., Var. 2 W. 

2B. ofN. 1 L. of 8. 7R. ofS. 6L,ofS. 

2 L. 1 R. 1 R. 2 L. 

o [d] o [d] 8 R, of 8. [a] 8 L. of 8. [a] 

N. 8. W. E. 

6. North, Variation 2 points E. ; South, Variation 2 points W. ; West, Variation 2 
points W. ; and East, Variation 2 points E. 

N., Var. 2 E. 8., Var. 2 W. W., Var. 2 W. E. Var. 2 E. 

o = N. o = 8. 8 R. of 8. 8 L. of 8. 

2 R. oi N. 2 L. of 8. 2 L. 2 R. 

2 R. of N. [3 ] 2 L. of 8. [ 3 °1 6 R. of 8. [4 ] 6 L. of 8. [4*] 

N.N.E. 8.8.E. . W.S.W. E.S.E. 

178. If the learner has carefully gone through the preceding examples, 
he will have noticed that Easterly variation in its application to Compass 
Courses increases them in the N.E. and 8. W. quarters of the compass ; and 
decreases them in the N. W. and S.E. quarters. Westerly variation decreases the 
courses in the N.E. and 8. W. quadrants, and increases it in the N. W. and 
SJB. ; we have, therefore, 

EULB TJ TT . 

• 

Westerly variation is — from all points between N. and E S. and W. 

Easterly variation is + to all points between N. and E S. and W. 

Westerly variation is + to all points between N. and W S. and E. 

Easterly variation is — from all points between N. and W S. and E. 

We shall now proceed to illustrate the foregoing rule, which is very 
generally used in the correcting of courses. 
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i. Compass Courses: 


N.N.E. ; 8. by W. } 


|W. 


,; W.N.W.; 


S.E 


.JE. Var. 3JE. 


N. 2 E. 
+ 3iE. 


S. i* W. 
+ 3*E. 




N. 6 W. 
-3iE. 




S.4iE. 
-3iE. 


N. si E. 


S. 4JW. 




N.2* W. 




8. ii E. 


N.E. by E. J E. 


S.W. } w. 


N.N.W. f W. 




8. by E. J E. 


2. Compass Courses :■ 


-E.N.E. ; W. by S. 


j N.N.W. ; 8. by 


E. 


Var. 3i E. 


N. 6 E. 
+ 3tE. 


8.7 W. 
+ 3*E. 




N. 2 W. 
-3tE. 




8. 1 E. 
- 3 JE. 


N. oj E. 
16 


8. 10J W. 
16 


N. 


N. 1 J E. 
by E. 1 E. 




8. 2J W. 
S.S.W. i W. 



8. 6* E. N. 5* W. 

E. by 8. J 8. N.W. by W. f W. 

3. Compass Courses :— N.E. ; 8.W. J S. ; N.W. } N. ; S.E. J 8. Var. 2 J W. 

N.4 E. 8. 3JW. N. 3 £W. 8. 3} E. 

— 2JW. — aJW. + *fw. +2JW. 

N. 1 J E. 8. ij W. N. si W. 8. 6 E. 

N. by E. J E. 8. by W. J W. 

4. Compass Courses:— N. by E. ; 8. by W.JW.; W. J N. ; E. by 8. Var. 2J W. 

N. 1 E. 8. ij W. N. 7 i W. 8. 7 E. 

— aJW. — 2JW. +iJW, +*JW. 

N. 1 J W. 8. 1 E. N. 9} W. 8. oj E. 

16 10 

8. 6JW. N.6JE, 

5. Compass Courses :— N.N.W. } W. ; 8.8.E. } E. ; N.E. by E. J E. ; S.W. by W. J W. ; 
Variation 2} E. 

N.2#W. 8. 2*E. N.5IE. S.5JW. 

— 3 ( E. — 2J E. + 2 J 2. + 2} E. 

o o N. 8 E. 8. 8 W. 

North. South. * East. West. 

Examples fob Practice. 
Correct the following Compass Courses for Variation : — 

COMPASS COUBflB. TAR. COMPA88 COUBflB. YAK. O0KPA86 COUBAB. TAB. 

1. N.N.E. 2 E. 6. S.S.E. 2 W. 12. N.N.E. aJW. 

a. S.E.1S. iJE. 7. S.W. J 8. iJW. 13. &S.W. f W. afE. 

3. S.W. JW. iJE. 8. N.N.W. J W. 2*W. 14. E.N.E. 3JE. 

4. N.W. by W.JW. iJE. 9. E. J N. 3 E. 15. E. J 8. 2J W. 

5. N.E.JN. iJW. 10. N.W. by N. 3JE. 16. W. by N. *}W. 

11. S.W.AS. 4 JW. 

179. The learner may now proceed to correct the courses steered for the 
combined effect of leeway and variation, and in doing so we proceed by 

RULE LTV. 

When they are both to be applied in the same direction, take their sum and 
apply it in the same way; but when these corrections are to be applied in opposite 
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directions take their difference, and apply the remainder in the same direction as 
the greater correction is to be applied ; the result in either case is the true 
course. 

Examples. 

Ex. i. A ship sails N.E. by E. \ E. on the port tack and makes i| points leeway, the 
nriation is 2 \ points East : required the true course. 

Here the ship's course being N.E. by E. J E. is 5 J points right of North. 

The ship being on the port tack the leeway is 
applied to the right, and is 1} points right of North. 

The variation being East is applied to the right 
and hence is , 2} pointsVight of North. 

The names being alike we take the sum 9J points right of North. 

This being greater than 8 points we take it from 
16 points 16 

And we get true course 6} points left of South. 

or E. by 8. } S. 

Ex. 2. Course by compass S.W. by S., the wind W. by N., leeway 2 points. Variation 
3 points East. 

Here the course steered being S.W. by S. is . . . .. 3 points right of South. 
The ship being on the starboard tack the leeway 
is applied to the left and is 2 points left of South. 

The names being unlike the difference is taken 1 point right of South. 
The variation being 2 points East is applied to 
right and is • 3 points right of South. 

The names being alike the stm is taken and is. . 4 points right of South. 

True course S.W. 

180. Sometimes it may be desirable to express the Variation in degrees, 
in which case we proceed as follows : — 

EXJLE LV. 

i°. Correct the compass course for leeway as before directed, and convert the 
umber of points thus found in degrees, marking them Horh, according as they 
mr$ right or left ofN. or 8. 

2 . Underneath write the variation, marking it R or L, according as it is E. 
or W. Take the sum with the common name, if the names are alike, and the 
difference with the name of the greater, if the names are unlike. The result will 
be the number of degrees the true course is from N. or S. according as the 
come, as corrected for leeway, is reckoned from the N. or S. 

(a) If in taking the sum the number of degrees exceed 90 take tip supplement 
to 180 , and reckon the true course from the opposite point to that from which 
the course corrected for leeway is reckoned; also change the letter B or L. 
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C03KFASB COUBAK. WINDS. LEX-WAY. VAB.. TXUE COUKBE. 

S.W. I S. W. by N. i N. J 23 W. S. 8° W. 

N.byE. E. byN. 3J 20 E. N. 5 W. 

W.fN. S.W. by 8. 1 25 W. S. 85 W. 

S.W. i 8. = 3J E. of 8. N. by E. = 1 pt. R. of N. W. } N. = 7i L- of N. 



3} B. of S. 
Leeway f L. 

2|B. 

or3i°B. of 8. 
Var. 23 L. 

8 B. of 8. 

8. 8° W. 



Examples. 


LEX-WAY. 

3* 

I 


r E. = 1 pt. B. 
1 R.ofN. 
3iL. 


2jL. 


or25°L. ofN. 


20 


5L. ofE. 


N. 5 W. 



7jL.ofN. 

1 K. 

or 70 L. 
25 L. 

— 95 L. of N. 

180 

85 B. of 8. 



8. 85 W. 
EULE LVL 

181. To find the compass course , the true course and variation being given. 

Easterly variation is allowed to the left. 
Westerly „ „ right. 

EXAMPLES. 



Taking the courses between North and 
South round by East. 

Ex. 1 . Let the true course be N.E. by E., 
where the variation is xj points west, the 
compass course (allowing westerly variation 
to the right) will be E.N.E. £ E. 

Ex. 3. Suppose the trus course to be 
S.E. by E., where the variation is 2} points 
west, the compass course (allowing variation 
to the right) will be S.S.E. J E. 

Taking the courses between North and 
South round by West. 

Ex. 5. Let the true course be N. W. by 
W., where the variation is 2 J points west, 
then the compass course (allowing westerly 
variation to the right) will be N.N.W. J W. 

Ex. 7. With the true course West, and 
the variation 2 points west, then the compass 
course (allowing 2 points to the right) will 
be W.N.W. 

Ex. 9. With the true course S.W. £ S., 
where the variation is 2J points west, then 
the compass course (allowing westerly varia- 
tion to the right) will be S.W. by W. J W. 



Ex. 2. Taking the same course, viz., 
N.E. by E., where the variation is 1 J points 
east, and then the compass course (allowing 
easterly variation to the left) will be 

N.E. \ N. 



Ex. 4. But the same course, viz., S.E. 
by S., where the variation is 2 J points 
easterly, will give the compass course (allow- 
ing easterly variation to the left) S.E. by 
E. }E. 



Ex. 6. Suppose the course to be the 
same, viz., N.W. by W., where the varia- 
tion is 2} points easterly, the compass course 
(allowing easterly variation to the left) will 
be W. \ N. 

Ex. 8. Taking the same course West, 
supposo the variation to be 2 points cast, 
then the compass course (allowing 2 points 
to the left) is W.S.W. 

Ex. 10. But with the same course, viz., 
S.W. £ S., where the variation is 1 J points 
east, the compass course (allowing easterly 
variation to the left) will be S.S.W. 



182. Treating the points of the compass numerically, we proceed according 
to the following 

EULE LVn. 

Proceed according to Rule LII, page 108, in every particular, except that 
the variation is to be allowed the opposite way to that of correcting compass 
courses, viz., Westerly variation is to be allowed to the right and marked R ; 
and Eastxbly variation is to be allowed to the left and marked L. 
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EZAMFLB8. 

1. Tme Courses:— N.N.E. ; S. by W. J W. ; E. by N. } N. ; W. by S. Var. 2J W. 

N.N.E S.byW.JW. E. by N. J N. W. by S. 

2 E.ofN. iilLofS. 6£ B. ofN. 7 R. ofS. 

i| B. 2 { B. a$ B. 2} B. 

4B.ofN. 4 B.ofS. 9 B.ofN. 9 JR. ofS. 

— — 16 16 

N.E.1E. S.W. — — 

7 L.ofS. 6|L.ofN. 

KbyS. W^bytt-iN. 

2. True Courses :— N.E. by E. J E. ; S.W. by W. ; E. by S. i S. ; N.W. by W. 
Variation 3 J & 

N.E. by E. J E. S.W. by W. E. by S. J S. N.W. by W. 

5* B. ofN. 5 B. of S. 6* L. of S. 5 L. ofN. 

3} L. 3 J L. 3J L. 3i L. 



2 B,ofN. i}B. ofS. 10 L.ofS. 3J L. ofN. 

N.N.E. S.byW.JW. — — 

6 B. ofN. 7$ B. ofS. 

E.N.E. W. J S. 

3. True Courses :— N. by W. } W. and 8. by E. ; Variation 3$ W. S. by W. and 

N. by E. ; Variation 3$ E. 

N.byW.JW. S. byE. S.byW. N.byE. 

ij L. ofN. 1 L. ofS. 1 B. ofS. 1 B. ofN. 

3* B. 3i B. 3i L. 3 J L. 

if B. of N. 21 B. of S. 2 J L. of S. 2} L. of N. 

N. by E. } E. S.S. W. J W. S.S.E. } E. N.N. W. f W. 

183. To convert true course into compass course, we may proceed accord- 
ing to the following 

EULE LV1IL 

Westerly variation is + to all points between N. and E S. *nd W. 

Easterly variation is — from all points between N. and E S. and W. 

Westerly variation is — from all points between N. and W S. and E. 

Easterly variation is + to all points between N. and W S. and E. 



DEVIATION OF THE COMPASS. 



184. The large quantity of iron now nsed in the construction and equip- 
ment of steamers, iron sailing vessels, and sometimes of wooden sailing 
vessels, produces a deviation from the magnetio north, which interferes 
seriously with the navigation of such vessels ; and it is highly important that 
the officers of the Mercantile Marine should have a thorough acquaintance 
with the subject of local attraction, and with the correct method of applying 
to the different points of the compass, the " deviation," which is the effect of 
that attraction. 



GENERAL STATEMENT OP FACTS AND LAWS OP MAGNETISM. 

185. Magnets, Natural and Artificial. — Natural magnets, or loadstone*, 
are exceedingly rare, although a closely allied ore of iron, capable of being 
strongly acted upon by magnetio forces, and hence called magnttic-iron-ore, is 
found in large quantities in Sweden and elsewhere. Artificial magnets are 
usually pieces of steel which have been permanently endowed with magnetism 
by the action of other magnets. The needle, or bar of steel, in the Mariner's 
compass is an artificial magnet. 

186. Poles, Ventral lines, and Axis. — The property of attracting iron is 
very unequally manifested at different points of the surface of a magnet. !£, 
for example, an ordinary bar-magnet be plunged in iron-filings, these 
become arranged round the ends of the bar in feathery tufts, which decrease 
towards the middle of the bar, where there are none. The name poUt is 
used, in a somewhat loose sense, to denote the two terminal portions of a 
magnet, or to denote two points, not very accurately defined, situated in 
these portions. The middle portion to which these filings refuse, to adhere 
is called the neutral line. Every magnet, whether natural or artificial, has 
two poles and a neutral line. The shortest line joining the two poles is 
termed the axis of the magnet. 

1 87. The Magnetic Equator or aclinic line is the line which joins all those 
places of the earth where the needle remains quite horizontal, or where there 
is no dip. This line does not coincide with the geographical equator, nor is 
it a great circle, but a somewhat irregular curve crossing the geographical 
equator at two points almost exactly opposite each other, one near the west 
coast of Africa, in the Atlantic, and the other in the middle of the Pacific 
Ooean, and never receding from it further than 1 2 ; the position of the two 
being nearly coincident in that part of the Pacific where there are few islands, 
and most divergent when traversing the African and American continents. 

188. Magnetio Poles. — At two points, or rather small linear spaces on 
the earth's surface, the needle assumes a position perpendicular to the horizon, 
or the dip is 90 . These two spots are called Magnetic Poke. At the 
north magnetic pole, the north pole of the needle dips ; at tl*e south magnetic 
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pole, the south pole of the needle dips. The terrestrial magnetic poles do 
not coincide with the geographical ones, nor are these points diameterically 
opposite. The position of these poles are latitude 70 N., long. 97 W., and 
lat 73J° S., longitude 147 E. 

The line of no variation passes through these poles, and the lines of equal 
variation converge towards them. 

189. Magnetic Heedle. — Any magnet freely suspended near its centre is 
usually called a magnetic needle, or more properly a magnetised needle. When a 
magnetised needle is so suspended or mounted that it can vibrate in the 
horizontal plane, it will take a definite direction, to which it always comes 
hack after displacement. In this position of stable equilibrium, one of its 
ends points to the direction called magnetic north, and the other magnetic 
south, which differ, in general, by several degrees from geographical (or 
true) north and south. This is the principle on which compasses are con- 
structed. The angle between the magnetic meridian and the geographical 
meridian is called the variation. 

190. Dip, or Inclination — When a needle is prepared in the unmagnetised 
state for mounting in a compass, with its centre of gravity very little below 
its point of support, and is adjusted to horizontally, on being magnetised it 
will place itself in a particular vertical plane called the magnetic meridian, 
and will take a particular direction in that plane. This direction is not 
horizontal except at the equatorial regions of the earth, but inclined generally 
at a considerable angle to the horizon; and this angle is called dip, or 
inclination. Its value at Greenwich, at present, is about 67 , the end which 
points to the north, pointing at the same time downwards. 

In the northern hemisphere generally, it is the north end of the needle 
which dips, and in the southern hemisphere it is the end which points south.* 

191. Mutual action of Poles. — On presenting one end of a magnet to one 
end of a needle thus balanced, we obtain either repulsion or attraction, accord- 
ing as the pole which is presented is similar or dissimilar to that to which it is 
presented. Poles of contrary names attract one another; poles of the same name 
repel one another. 

This property furnishes the means of distinguishing a body which is merely 
magnetic (that is, capable of temporary magnetization) from a permanent 
magnet The former, a piece of soft iron, for example, is always attracted* 
by either pole of a permanent magnet ; while a body which has received 
permanent magnetization has, in ordinary cases, two poles, of which one is 
attracted where the other is repelled. Magnetic attractions and repulsions 
are exerted without modification through any body which may be interposed, 
provided it be not magnetic. 

To help the seaman to understand the above remarks, let him proceed as 
follows :— Having provided a little unspun silk, by means of a bit of wax, or 
otherwise, attach the silk fibre to the magnetic needle by a single point at 
its middle. Place a magnet on the table, and hold the needle over -the 
equator of the magnet. The needle sets horizontal. Move it towards the 

— ^— ^*»— — »— 1 — — —1 ■■ 1 ■..,■■—.. ■ ■ ■ ■ 11 ■■■■!■ i te a^yH^M.— 

* Dip first noticed by Robert Norman in 1576. 
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north end of the magnet, the south end of the needle dips, the dip aug- 
menting as the north pole is approached, over which the needle, if free to 
move, will set itself exactly vertical. Move it back to the centre, it resumes 
-horizontality ; pass it towards the south pole, its north end now dips, and 
directly over the south pole the needle becomes vertical, its north end being 
now turned downwards. Thus we learn that on one side of the magnetic 
equator the north end of the needle dips ; on the other side the south end 
dips, the dip varying from nothing to ninety degrees. If we go to the 
equatorial regions of the earth with a suitably suspended needle, we shall 
find the position of the needle horizontal. If we sail north, one end of the 
needle dips ; if we sail south, the opposite end dips ; and over the north or 
south terrestrial magnetic pole the needle sets vertical. In this manner we 
establish a complete parallelism between the action of the earth and that of 
an ordinary magnet. 

The value of the dip, like that of the variation, differs in different localities. 
It is greatest in the polar regions, and decreases with the latitude to the 
equator, where it is approximately zero. 

Dip, like the variation, varies greatly, not only from place to place, but 
also from time to time. In 1 843 the dip at Greenwich was about 69 i', it 
has diminished, with a rate continually accelerating, till in 1868 it was 
67 56'. It is also subject to a slight annual and diurnal variations, being 
about 1 5' greater in summer than in winter. 

Intermediate to the poles and equator lines are drawn through all points 
where the needle makes the same angle with the horizon. These are called 
Lines of Equal Inclination or Dip. 

192. The horizontal position of the needle and card is preserved by a 
sliding brass weight fitted for the purpose, or by dropping sealing wax on 
one end of the needle. This adjustment will often require to be repeated 
after a considerable change of place. 

193. Haines of Poles. — The phenomena of variation and dip above described 
evidently require us to regard the earth, in a broad sense, as a magnet, 
having one pole in the northern and the other in the southern hemisphere. 
Now, since poles which attract one another are dissimilar, it follows that the 
magnetic pole of the earth which is situated in the northern hemisphere is 
dissimilar to that end of a magnetised needle which points to the north. 
Hence, great confusion of nomenclature has arisen, the usage of the best 
writers being opposite to that which generally prevails. Popular usage in 
this country, however, calls that end or pole of a needle which points to the 
north the north pole, and that which points to the south the south pole* 

* Sir Wm. Thomson calls the north-seeking pole the south pole, and the other the north 
pole, because the former is similar to the south and the latter to the north pole of the earth. 
In Uke manner most French writers call the north-seeking pole of a needle the austral, and 
the other the boreal pole. Faraday, to avoid the ambiguity which has attached itself to the 
names north and south pole, calls the north-seeking end the marked, and the other the «ft- 
marked pole. Airy, for a similiar reason, employs in his recent Treatise on Magnetism, the 
distinctive names red and blue to denote respectively the north-seeking and south-seeking 
ends, these names, as well those employed by Faraday, being purely conventional an<i 
founded on the custom of marking the north-seeking end of a magnet with a transverse 
notch or a spot of red paint. Maxwell and Jenkin in a report to the British Association. 
call the south-seeking pole of a needle positive, and the north-seeking pole negative* 
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194. Magnetic Induction. — When a piece of iron is in contact with a 
magnet, or even when a magnet is simply brought near it, it becomes itself, 
for the time, a magnet with two poles and a neutral portion between them. 
If we scatter filings oyer the irota they will adhere to its ends, as shown ( 1 86). 
If we take away the influencing magnet the filings will fall off, and the iron 
will retain either no traces at all, or only very faint ones of its magnetization. 
If we apply similar treatment to a piece of steel, we obtain a result similar in 
some respects, but with very important differences in degree. The steel, while 
under the influence of the magnet! exhibits much weaker effects than the 
iron ; it is much more difficult to magnetise than iron, and does not admit of 
being so powerfully magnetised; but, on the other hand, it retains its 
magnetization after the influencing magnet has been withdrawn. This 
property of retaining magnetism, when once imparted, has been named 
coercive force. Steel, especially, when very hard, possesses great coercive 
force; iron, especially, when very pure and soft, scarcely any. 

In magnetization by influence, which is also called magnetic induction, it 
wfll be found on examination that the pole which is next the inducing pole 
is of contrary name to it ; and it is on account of the mutual attraction of 
dissimilar poles that the iron is attracted by the magnet. The iron can in its 
tarn support a second piece of iron, this again can support a third, and so on 
through many steps. A magnetic chain can thus be formed, having two 
poles. An action of this kind takes place in the clusters of filings which 
attach themselves to one end of a magnetised bar, these clusters being 
composed of numerous chains of filings. 

195. Magnetization by the action of the Earth. — The action of the earth 
on magnetic substances resembles that of a huge permanent magnet, and 
hence the terrestrial magnetism will induce magnetism precisely as explained 
in 194. All soft or cast iron rods or bars, or other elongated forms of soft 
or cast iron, unless the position of their length is at a right-angle to the line 
of the direction of the earth's magnetic force, are immediately rendered mag- 
netic by induction from the earth, and the nearer the iron is in direction to 
the line of force or dip the greater will be the amount of induction. When 
a bar of soft iron is held on the magnetic meridian and parallel to the dip, it 
becomes immediately endowed with feeble magnetic polarity. The lower 
extremity is a north pole, and if the north pole of a small magnetic needle 
be approached, it will be repelled. If the bar is held vertically the lower 
end will still be a north pole, but of less intensity ; the upper end a south 
pole, also of less intensity. If the bar is held horizontally north and south, 
the north end will be a north pole, but of still lesser intensity ; the south end 
a south pole, also of lesser intensity. If we now turn the bar in the same 
horizontal plane its magnetism will diminish, and if placed in an east and 
west direction, it will lose its polarity, and if we turn it still further until its 
position is reversed, the magnetic poles of the bar will be reversed. 

While the bar is held with its length in the direction of the dip, if it be 
struck repeatedly with an iron hammer, it will be found, on removing it, to 
be a true magnet, the end which was lowest being charged with north mag- 
netism, and this magnetism is not transient like the induced magnetism 
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of soft iron, changing its place in the bar with every change in the position 
of the bar, bat is constant like that of a steel bar, retaining the same mag- 
netism whatever be the position of the bar. By reversing the position of the 
bar and striking it a few blows with the hammer, its magnetism is reversed. 
The magnetism of the bar so struck resembles that of a steel magnet in all 
respects but this, that while, perhaps, no change can be remarked in hours 
or days, it infallably diminishes in a long time. To express this partially 
permanent character, the term Subpermanent Magnetism has been adopted. 

196. A sphere of soft iron will be magnetised in the same way, however 
held. The diameter in the line of dip will be the axis of magnetism, and the 
lower and north half of the surfaoe will be north, the upper and south half 
south. 

In bodies of any other shape the effects will be similar. 

197. In the northern hemisphere all vertical or upright bars, such as 
stanchions and angle irons composing the frames of ships, are magnetised by 
induction, their lower ends being north poles, the upper ends south poles, the 
upper ends attracting the north pole of the needle held near them. On the 
other hand, in the southern hemisphere, these conditions are reversed ; the 
upper ends of vertical iron are north poles, repelling the north pole of a 
compass needle and attracting the south pole. On the magnetic equator, 
where there is no dip, vertical soft iron has no polarity, because its position 
is at right angles to the earth's line of force or dip. It is different with hori- 
zontal pieces of soft iron ; they exert the same influence on a compass needle 
in both hemispheres, and in all latitudes. 

198. The hull of an iron ship acts as a permament magnet on compasses 
placed outside the vessel as well as those placed inside ; an iron ship must 
therefore be viewed in its effect on a properly placed magnet rather as one 
great magnet, than as an aggregation of smaller magnets. 

Keeping in view that the inductive effect from the earth's magnetism is 
greatest in the line of the dip, and the existence of a neutral equatorial 
plane at right-angles to the line of dip in spherical bodies, we are prepared 
to see that each iron ship must have a distinct distribution of magnetism 
depending on the place of building, and the direction of the head and keel 
while building ; the ship's polar axis and equatorial plane conforming more 
or less to the line of dip of the earth at the place where built, and a plane at 
right-angles to that line ; abundant observation and experiment have proved 
this important general principle. 

199. To illustrate this principle: let us suppose, as in the following 
figures 3, 4, 5, and 6, that four iron ships, or four composite built ships, 
with ribs, beams, stanchions, and deck girders of iron, are building on the 
cardinal points of the compass, in a port in England where the dip of the 
needle is 70 . % 

Fig. 3 shows the magnetic state of a ship built head North magnetic. 
The line marked Dip passes through the centre of the ship ; it shows the 
direction of the line of the earth's magnetic force. The line marked Equa- 
torial or Neutral line is the line of no deviation, and runs at right-angles to 
the Dip. The after body of the ship, or the portion which is shaded, has 
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Fig. 3. Head North while building. 




8. (Uuij polarity, and the fore body, or white portion in the figure, N. (red) 
polarity ; the upper part of the stern would have the S. (blue) polarity 
developed in a high degree ; the lower part of the bows would have the N. 
(red) polarity equally developed. At the stern the north end of a compass 
needle would be strongly attracted ; at the bow the south end of the needle 
would be strongly attracted ; while a compass placed outside of the ship's 
topsides, above the line of no deviation, the north end of the needle will be 
attracted ; if it be placed below that line the north end of the needle will be 
repelled and the south end attracted, in accordance with the law of 
magnetism. (No. 191). 

Fig. 4. Head South while building. 




Kg. 4 represents the magnetic condition of a ship built head South. It 
will be seen by comparing fig. 4 with fig. 3 that the conditions are reversed ; 
in fig. 3 the magnetism of the after body of the ship is south (blue), while in 
fig. 4 the after part of the ship possesses north (red) polarity ; now the fore 
body of the ship has 8. (blue) polarity, while in fig. 3 it has N. [red] polarity ; 
the upper part of the bow has S. (blue) polarity developed in a high degree, 
and the lower part of the stern N. (red) polarity equalled developed, At the 
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stem the N. end of a needle -would be repelled, and also attracted to the 
strong 8. (Him) pole at the bow. The dotted line crossing the equatorial line 
in figs. 3 and + shows the probable position of the neutral line after the ship 
has been some time afloat, with her head in an opposite direction to that in 
which she was built, or after she has made a voyage. 
Fig. 5. Head Eaat while building. 



Fig. 5 is intended to show the magnetic state of a ship whose head has 
been east on the building slip. The whole of the upper part of the ship 
would have S. [blue) polarity; the whole of the lower part would have N. 
(red) polarity ; but the magnetism of the starboard side of the upper works 
would be developed in higher degree than the port side, and the N. end of a 
compass needle, if carried at the usual height of a compass along the 
amidship line of the upper deck from end to end, would be attracted to the 
starboard side. 

Fig, 6. Head West while building. 
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In fig. 6, ship built head west, the magnetic conditions of fig. 5, head east, 
are reversed ; the whole of the upper part of the ship has still S. polarity, 
and the lower N. polarity ; but the magnetism of the port side of the upper 
works is developed in a higher degree than the starboard side, and the N. 
end of a compass needle, if carried along the upper deck from end to end, 
would be attracted to the port side.* 



Fig. 7. Head North at Australia. 




Fig. 7 represents an iron ship built head North in Australia, with a dip of 
about 68° South. In this ship the shaded part showing S. polarity lies 
below the equatorial line. It will be useful to compare this figure with 
figure 3, and mark the difference in the magnetic state of the two ships. 

200. A little attention to the above diagrams will give the seaman a 
rough idea of the distribution of magnetism in iron ships ; but it must be 
borne in mind that all large detached pieces of iron in a. ship, such as iron 
masts, funnels, cylinders, and other masses of vertical iron are independent 
magnets; in north magnetic latitude, their lower ends being north pofts, 
their upper ends south poles. 

201. The compasses of composite ships with iron frames and iron deck 
beams, are affected in the same way as those of ships built wholly of iron. 



* From the special magnetic properties developed in a ship according to her position 
▼hen building, it follows that a compass aft, in the usual plaoe of the steering binnacle, the 
tharteter of the deviation— though not the amount— may be approximately represented in a 
tabular form, as follows : — 

Approximate magnetic direction Approximate easterly deviation occurs Vwi^nw westerly deviation 
a ship's head while building. when ship's head by compass is near when ship's head by compass is ne 



near 



K. 

N.E. 

E. 

S.E. 

8. 

S/W. 

w. 

K.W. 



w. 

N.W. 

N. 

N.E. 

E. 

S.E. 

S. 

S.W. 



E. 

8.E. 

8. 

8.W. 

W. 

N.W. 

N. 

N.E. 
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DEVIATION OF THE COMPASS. 

202. The deviation of the compass is the angle through which the mag- 
netic needle is deflected from its natural position by the disturbing force of 
iron near it, that is, the angle included between the magnetic meridian and 
a plane passing through the poles of a compass needle. 

The deviation is named East or West according as the north point of the 
compass so disturbed is to the east or west of its natural position. 

Deviation consists of two principal parts, the Semicircular and the Quad- 
rantal, following different laws, and requiring two different kinds of compen- 
sation ; there is sometimes a third part of small amount called the Constant 

203. In the case of iron ships, as in that of iron bars (195)) percussion 
and vibration by hammering in rivet ting render the iron of which the vessel 
is constructed more susceptible to the inductive force of the earth, and causes 
the magnetism which the iron of the ship thus acquires to partake more of 
the character of permanent magnetism. Still this sub-permanent magnetism 
undergoes a considerable diminution by being submitted to percussion, with 
the ship's head in a different position to that in which it was when she was 
being built, and especially if in a contrary direction. But the iron of which a 
ship is constructed always retains a large amount of this sub-permanent 
magnetism as long as it remains in the form of a ship. The deviation 
arising from sub-permanent magnetism is greater than that which is the 
result of transient induced magnetism. The polarity of the ship's magnetism, 
while she remains on the stocks, takes the direction of the earth's line of 
force or dip, and its effects on compasses will evidently depend on the 
direction of the ship's head was whilst being built. Taking the case of a 
ship built head north (fig. 3, page 119), the fore part of the ship has acquired 
north magnetism, and its action will be precisely the same as that of the 
north pole of a magnet ; hence, on northerly courses, the north end of the 
compass needle will be repelled, and the directive power of the needle will be 
diminished. On southerly courses the north end of the needle points towards 
the stern, which has acquired sub-permanent south magnetism, then the 
directive power of the needle is increased. On easterly and westerly courses 
the effects on the compass are greatest, since the force acts at right-angles to 
the needle; and on all intermediate positions of the ship's head the dis- 
turbances due to such positions are intermediate. As the ship's head is 
brought east of north, repulsion of the north end of the needle takes place, 
and westerly deviation is the result, and it reaches its maximum value when 
the fore-and-aft line of the ship is at right-angles to the needle ; beyond that 
position the fore part of the ship attracts the south end of the needle, and 
westerly deviation is still the result. This attraction continues until the 
ship's head reaches south, when the line of action of the ship lies in the 
same direction as the needle, and no disturbance occurs, but the directive 
power of the needle is greater. On bringing the ship's head round west of 
south, the south pole of the needle still continues to be attracted, which 
causes easterly deviation, and it again attains its maximum when the fore- 
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and-aft line of the ship is at right-angles to the disturbed needle ; this must 
occur to the north of west. After that point has been reached Tt>y the ship's 
head, the fore part of the ship repels the north end of the needle, easterly 
deviation still being the result until the ship's head is again at north. Thus 
we find that in an iron ship the disturbance of the compass is little or nothing 
when her head is on or near the points to which her head or stern were 
directed while building, and is greatest when the ship's head is directed to 
the points of the compass that were abeam while on the building slip ; and, 
moreover, that easterly deviation is caused when the ship's head is in one half 
of the compass, and westerly deviation in the other. The deviation caused 
by Bab-permanent magnetism, and the effects of magnetism induced in 
vertical iron, has received the name of Semicircular Deviation. 

Semicircular Deviation is so called because it is easterly in one semicircle 
or half of the compass, and westerly in the other half, as the ship's head moves 
round a complete circle of azimuth. This error is caused by the sub-perma- 
nent magnetism acquired in building, and the magnetism induced in vertical 
iron. The part due to sub-permanent magnetism remains the same in 
kind, though different in amount, in all latitudes, unless the ship be sub- 
jected to strains or other mechanical violence. The part caused by the 
magnetism induced in vertical iron changes with a change of geographical 
position, or more correctly, as the dip changes, and is of contrary names on 
opposite sides of the magnetic equator, that is, if westerly deviation be pro- 
duced on one side, easterly will be produced on the other. At the magnetic 
equator the earth's magnetism acts horizontally, and vertical soft iron will 
have no magnetism, and the semicircular deviation arising therefrom will 
disappear. 

As a general rule the magnetism producing semicircular deviation, in a 
ship built in north magnetic latitude, attracts the north end of a compass 
needle to that part of a ship which was south from the compass while build- 
ing ; hence, the semicircular deviation in iron ships is generally represented 
bj the effect of a magnet at the part of the ship which was south in building, 
with its south end towards the compass. Thus, in a ship built head north, 
the north end of the needle is drawn towards the stern. The following table 
will show the part of a ship towards which the north end of a needle is 
generally drawn, that is, the position of the permanent south pole developed 
in the process of construction. 

Ship's head while building The north en * of a <»™V*** ****** °* the 

r ° poop or quarter deck is usually drawn 



North towards the stern. 

N.E „ starboard quarter. 

East . . . 

8.E 

South 

S.W 

West 

N.W 



starboard side, 
starboard bow. 
bows or right ahead, 
port bow. 
port side. 
port quarter. 
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ire 8 Till further illustrate the way in which the permanent magnetism 
e inductive magnetism of vertical iron acts upon the compass to produce 
■cular deviation. Let it be supposed that the whole of the south 
y or attractive pewer of the above magnetism is concentrated in the 
? on the port quarter of a ship built with her bead near N.W. The 

supposed to be swung round die compass, beginning at the N.W. 

The small circles represent the compass, the thick lines N' S the compass 
, the dotted lines the magnetic meridian or the direction of the needle 
free from deviation. Beginning at N. W., and noting the position of 
int F, it will be observed that there can be no semicircular deviation 
lip's head in that direotion, because the attractive force of the ship's 
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magnetism at the point P is in a line with a compass needle N S. As the 
ship's head swings round towards the west, the relative positions of the point 
P and the compass needle will alter, and P will exert a pulling force upon 
the north end of the needle, causing it to deviate to the right from N to N', 
shown in the figure at West. The easterly deviation will increase until the 
ship's head swings to S.W., where it attains its maximum or greatest amount. 
After passing S.W. it gradually decreases past South until the ship's head 
reaches S.E., the opposite direction to that in which her head was built, where 
it is again zero or nothing. The point P is now on the opposite side of the 
compass to what it was when her head was at N.W., but it will be observed 
that it is in a line with the needle, and can exert no deviating influence over 
it 

As the ship swings with her head towards the East, the needle will gradu- 
ally be drawn to the left hand until the westerly deviation attains its maximum 
at N.E. After passing N.E. the westerly deviation will decrease past North 
until the ship's head again reaches N.W., at which point there is no deviation. 
A very slight inspection of the figure will show that in the semicircle from 
N.W. round by the West to S.E., the deviation is easterly ; while in the 
semicircle, or half the compass, from S.E. round by the East, the deviation 
is westerly. The above is merely given for the sake of illustration, but it 
must be remembered that no two ships are alike in there influence on the 
compass, nor will the ship's magnetism have the same effect on two compasses 
placed on different parts of the deck. 

204. Quadrantal Deviation is so named from its being easterly and 
westerly, alternately, in the four quadrants as the ship moves round a 
complete circle of azimuth. It is caused by the transient or inductive mag- 
netism of horizontal soft iron, such as iron deck beams, the iron spindle of 
the wheel, &c. It is zero or nothing when a ship's head is near the North, 
8outh, East, or West points, and greatest on the quadrantal points. It is 
generally easterly in the N.E. and 8.W. quadrants, and westerly in the 
N.W. and S.E. quadrants of the compass. Quadrantal deviation remains 
unchanged in all magnetic latitudes, and provided that the iron in the ship 
be of good quality, the quadrantal deviation will be little, if at all altered by 
lapse of time. 

To illustrate the way in which horizontal soft iron produces Quadrantal 
deviation, let us suppose the whole of the induced magnetism in a ship to be 
represented by the soft iron bar B in figure 9. This cannot be so in actual 
practice, because the athwartship horizontal iron produces quadrantal devia- 
tion as well as the fore-and-aft iron, but we may suppose it may for the sake 
of clearness. The small circles represent the compass, the thick lines within 
the small circles the compass needle, the dotted lines within the compass the 
magnetic meridian. Beginning at north, it will be observed that the bar B 
is parallel with the magnetic meridian, and will therefore be an inductive 
magnet while it is in or near that position (195), its after end marked S 
being a south pole ; but as the bar B is in a line with the compass needle N, 
it cannot exert any deviating power upon the needle, either to the right or 
left. As the ship's head swings towards the N.W., the relative positions of 
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the bar B and the needle N are altered, and the south end of the bar draws 
the north end of the needle to the left from N to 1ST. As the ship's head 
approaches the west, the bar B loses its polarity, and at west it is at right- 
angles to the magnetic meridian, and ceases to exert any influence on the 
compass. The ship's head now swings towards the S.W., and the bar B, as 
it turns towards the south pole, again becomes an inductive magnet ; its after 
end being a north pole, and drawing the south end of the compass needle from 
S to 8'. When the ship's head reaches south there is no quadrantal devia- 
tion, because the bar B is in a line with the compass needle. As her head 
swings towards the S.E., the needle is drawn from S to S', causing westerly 
deviation. At east there is no deviation, for the same reason that there was 
none at west Alter passing east, the after end of the bar B becomes a 900th 
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foU, and draws the north, end of the needle to the right-hand in the N.E. 
quadrant. As the ship's head approaches the north, the quadrantal deviation 
gradually decreases until it becomes nothing at north. The reader will ob- 
serve that the bar B in this case produces easterly deviation in the N.E. and 
8.W. quadrants, and westerly deviation in the N.W. and S.E. quadrants. 
Gases may arise where the deviation is westerly in the N.E. and S.W. quad- 
rants, but they are very rare. 

205. The constant part of the deviation is generally very small, and is 
the same for every point of the compass, it often arises from defects in the 
compass itself. An error in the correct magnetic bearing of a distant object 
used to ascertain the deviation, will give an apparent constant deviation : for 
example, if the correct magnetic bearing of a lighthouse be S. 46 E., and 
the observer assumes it to be S. 44 E., and finds the deviation by it, there 
will be an error of 2 in the deviation thus found on every point of the 
compass ; or, in other words, the westerly deviation will be z° less, and the 
easterly deviation will be 2 more than it ought to be. When a ship is 
swung hurriedly, and her head is not allowed to remain for a minute or two 
on any point before observations are made, there is a temporary constant 
deviation produced ; and this temporary deviation is easterly when the ship 
is swung to the left, as from East to North, and is westerly when the ship 
is swung to the right, as from North to East. 

Mechanical Compensation or Correction of the Compass by means of 
Kagnets and Soft iron. — These adjustments were first proposed by Mr. Airy, 
the Astronomer Royal, and are now universal in the merchant service. 

Correction of the Semicircular Deviation.— As this error is caused by sub- 
permanent magnetism and by magnetism induced in vertical iron, the same 
agents must be used to correct it properly, to hold good in all latitudes ; but 
as it is impracticable to ascertain how much of it is due to the one, and how 
much to the other, it is customary to correct the whole of it by means of per- 
manent magnets fixed on the deck, one before or abaft, and another at the 
side of the foot of the binnacle ; but it must be remembered that this correction 
will only hold good for a small range of latitude, and while the ship's mag- 
netism continues in the same state as when the correction was made. 

The ship must be upright, or on an even beam, with all her iron stores on 
board, in the positions which they are intended to occupy while at sea. 

The position of the binnacle being decided on, draw a line upon the deck, 
fore-and-aft, through the centre of the place where the binnacle is to stand. 

Draw another line across the deck, at right-angles to the. former, through 
the same centre. 

Provide two or more powerful magnets from 1 8 inches to 2 feet in length. 

Let the ship's head be swung to the north or south, correct magnetic — 
either of these points will do. When the ship's head is steady at one of 
these points, observe whether there is any deviation ; if there is any, lay one 
of the magnets on or below the deck athwartship, with its centre exactly on 
the fore-and-aft line drawn on the deck at some distance from the binnacle ; 
move it gradually (not hurriedly) to or from the foot of the binnacle until 
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the compass points correctly. The magnet may be placed either before or 
abaft the binnacle, whichever is most convenient, but its centre must always 
be over the fore-and-aft line drawn on the deck, and it must be kept at right 
angles to the ship's keel. If the compass needle deviate to the left, the north 
end of the magnet must be placed to the left, and conversely. 

After the compass has been made to point correctly at either the north or 
south points, swing her head round to the east or west correct magnetic 
(either will do), and steady her head on one of these points. 

If there be any deviation, place the other magnet fore-and-aft, either on 
the port or starboard side of the binnacle, with its centre on the athwartship 
line drawn on the deck ; move it to or from the foot of the binnacle until the 
compass points correctly. 

The adjuster should be careful to see that the centre of the magnet is kept 
on the fore-and-aft line, so that one of the poles of the magnet be no nearer 
the binnacle than the other. 

Correction of the Quadrantal Deviation, — The semicircular deviation 
being corrected, and the binnacle being properly fitted with two small brass 
boxes, one on each side of and on a level with the compass; steady the 
ship's head on one of the quadrantal points N.E., S.E., 8.W., or N.W. ; if 
there is any deviation, fill one of the chain boxes with a quantity of small 
chain until the compass points correctly ; if one chain box be not sufficient, 
fill the other. For greater certainty, swing the ship's head to each of the 
other quadrantal points. When this adjustment is once properly made, it 
ought to remain perfect at all times and in all latitudes. 

Instead of the soft iron chain, the Liverpool Compass Committee prefer 
cast iron cylinders with hemispherical ends as correctors for the quanrantal 
deviation. These cylinders are of two sizes, one 9 inches long by 3 inches in 
diameter, the other 12 inches long by 3 J inches in diameter. The ship's 
head is to be steadied on one of the quadrantal points, and the correctors, 
one on each side of the compass, and on the same level as the needle, are to 
be moved to or from the compass until the quadrantal deviation is corrected. 
It is only in very rare instances that the correctors or chain-boxes are 
required to be placed on the fore-and-aft ends of the binnacle. The adjust- 
ment for the quadrantal deviation should always be made, as it tends to 
reduce the heeling error.* 

In some cases there is a small amount of quadrantal deviation produced 
by horizontal soft iron running from the quarters to the opposite bows, iron 
in this position produces a quadrantal deviation, which is greatest when the 
ship's head is at N., S., E., and W., and least with the ship's head at N.E., 
S.E., S.W., and N.W. ; it is, however, generally of so small amount that it 
may, in ordinary cases, be disregarded. 

Heeling Error. — Although a ship's compasses may be corrected by the 
above methods, they can only be depended upon so long as she remains 

* These correctors are too frequently absent ; and it should be remembered that they 
very essentially improve the action of the compass — not only diminiwhing the deviation, but 
increasing the directive force. 
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upright. Besides the ordinary deviation of the compass there is a deviation 
caused by the heeling of iron ships, which may increase or decrease the 
deviation observed when the ship is upright. Gases have been observed in 
which the deviation from heeling has amounted to as much as two degrees 
lor each degree of heel of the ship — that is, without altering the real direction 
of the ship's head, the apparent alteration in direction has amounted to 40 
by heeling the ship from io° to starboard to io° to port. The effect is very 
serious in those parts where the wind is steady, and the ship inclined in the 
same direction for many days or weeks in succession.* 

210. To ascertain the amount of heeL — The instrument specially adapted 
to indicate the amount of heel is the clinometer. It consists of a brass semi- 
circle graduated, at the edge, to degrees, beginning at the middle of the arc 
and continued both ways ; and to the centre a plumb line is attached. The 
instrument is fixed at right angles to a fore-and-aft section of the ship, as a 
beam, or athwartship bulkhead, with the diameter placed upwards and 
parallel to the deck. When the index points to 0, the vessel is upright, 
but when she heels either way, the plumb line being free to move on its 
centre is always vertical, and the point at which it cuts the graduated edge 
shows the number of degrees that the vessel deviates from the perpendicular, 
mat is, the heel of the ship. A compass card with the needle detached will 
answer the purpose, and an index may be made with a thread and plummet 
depending from the end. 

211. How the Deviation from Heeling is caused. — The heeling error 
depends partly on vertical induction in transverse iron, and partly on vertical 
force arising from subpermanent magnetism in the ship, combined with 
Chat from vertical induction in vertical soft iron. The fore-and-aft iron is 
not disturbed from its horizontal position by heeling, consequently the 
athwartship beams then produce their full influence in disturbing the com- 
pass. When an iron ship heels over, forces, which before acted vertically, 
and did not disturb the horizontal compass needle, now act to one side and 
produce deviation ; while transverse iron which was previously horizontal, 
becoming inclined, acquires magnetism by induction (195). In north mag- 
netic latitude the upper or weather ends of athwartship beams, for example, 
become south poles, and the lower ends north poles ; hence, from both these 
causes, the north end of the needle is drawn to windward. But, if the iron 
does not extend entirely across, as when a sky-light or hatchway is fitted, the 
opposite effects are produced ; for then the end of the iron nearest the com- 
pass on the weather side is a north pole, and that nearest it on the lee side 
a south pole ; and under these conditions the north end of needle is drawn 
to leeward. 

In vertical iron the force acting on the needle is no longer directly under 
it, but is shifted to the weather side of the ship, and- thus in north 
magnetic latitude, as a general nile, the tendency of both horizontal and 



• "Usually, in an iion ship, when her head is placed north or south, the ship's inclination 
thronjrh an angle of n degrees disturbs the compass through an angle of n degrees ; but in 
•ome particular instances it has been known to disturb the compass as much as 2 n degrees. 
—A Treatise c.i Navigation, \>\ Q-. B. Airy, M.A., LL.D., D.L., page 182. 
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vertical iron is to draw the north end of the needle to windward. The vertical 
action of Bubpermanent magnetism modifies the result of these causes, and 
may either cause an increase or a diminution of the error so produced. If a 
ship has acquired subpermanent magnetism by having been built with her 
head north, there is a strong vertical force acting downwards (see fig. 3, page 
119) from the whole after body of the ship having south magnetism or 
polarity ; this would conspire with the vertical induction in transverse iron, 
in attracting the north end of the needle to the weather side, as the ship heels 
over, and thereby increasing the change of deviation from other causes. On 
the other hand, if a ship be built with her head south, the vertical force acts 
upwards (see fig. 4, page 1 19), the after part of the ship has acquired north 
magnetism, or polarity, and the north end of the needle, as the ship heels 
over, is repelled by it to the lee side, the vertical force acting in antagonism, 
in this case, to the transverse force, thus decreasing the error caused by soft 
iron. Thus is shown why in England the deviation of ships built there, with 
their heads northerly, are most affected by heeling. 

In the ordinary position of the compass on the quarter-deck, we may, in 
most oases, if we know the direction in which the ship's head was built, 
anticipate the direction of the heeling error, and form an approximate 
estimate of its amount. Ships built with their heads from about S.W. to 
8.E. by way of north, the upper parts have south polarity ; and in those of 
this group built with their heads from N.W. to N.E., this south polarity is 
strongly developed near the position of the compass. In all these ships the 
north end of the compass needle will be drawn to windward, and forcibly so 
in the last named group. In the ships built with their heads from about 
J9.W. to S.E. by way of south, their upper parts near the position of the 
compass have N. polarity, and hence the heeling error may be to leeward or 
to windward — and in either case small in amount — according as the vertical 
force, or force from transverse iron predominates. 

zi2. Position of ship's head for greatest and least change of deviation 
from heeling. — There appears to be no deviation from heeling when the ship's 
head by compass is east or west, but it increases as the ship's head is moved 
from these points, and is greatest when the ship's head by compass is north 
or south. When the ship's head by compass is either east or west, the dis- 
turbing force, from the ship's heeling, acting at right angles to the fore-and- 
aft midship line, tends to bring the needle into the magnetic meridian, and 
consequently no change in deviation can be produced from heeling. On the 
other hand, when the ship's head by compass is either north or south, the 
disturbing force acts at right angles to the needle ; hence the greatest change 
of deviation resulting from a vessel's heeling takes place when her fore-and- 
aft line is in the magnetio meridian. 

213. In north latitude, in ships built with their heads to the north, with 
their compasses in the usual position, the deviation from heeling is much 
larger than in ships built with head to the south. In north latitude the north 
end of the needle is generally drawn towards the weather side of a ship, yet 
a small deviation to leeward has also been observed in north latitude, in some 
ships which were built in a southerly direction. In high south latitudes, 
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where the. dip is south, the north end of the needle has been observed to 
deviate to leeward. Compasses which are least affected by heeling in the 
northern hemisphere have generally the greatest amount when south of the 
equator, and vice vend* 

214. Effects of Heeling. — The effect of the heeling error, when the north 
4 end of the needle is drawn to windward, is to throw a ship to windward of 
her supposed position when steering on northerly courses ; and to throw her 
to leeward when steering on southerly courses. Therefore, to make a straight 
course, when heeling, a ship should be kept away by compass on either tack 
on northerly courses ; and she should be luffed up on either tack on southerly 
courses. The effect in the few cases in which the compass needle is drawn 
to leeward is the reverse, and in the southern hemisphere, also, the reverse 
of these rules holds good ; but this is a point which can only be ascertained 
for each ship. 

The heeling error may be expressed in terms of the deviation when upright, 
and the following are the results : — 
On Northerly courses : — 

Starboard tack— E. dev. is increased, W. dev. is decreased. 

Port tack — "W. dev. is increased, E. dev. is decreased. 
On Southerly courses : — 

Starboard tack*— West dev. is increased, E. dev. is decreased. 

Port tack — W. dev. is decreased, E. dev. is increased. 

And when the deviation when the ship is upright is small in amount and 
decreases by heeling, it may become reversed in name. 

In the few cases in which the North end of the compass needle is drawn to lee- 
ward, the rule above is of course reversed. 

215. Correction of the Heeling Error. — This correction is made by a 
vertical magnet placed in the binnacle immediately below the centre of the 
compass card. The ship's head is to be placed north and south, correct 
magnetic ; she is then heeled over to port and to starboard, and the magnet 
raised or lowered until the compass points correctly. In most cases the 
north end of the vertical magnet should be uppermost. 

The deviation arising from a ship heeling being semicircular, this cor- 
rection holds good only while a ship continues near the magnetic latitude 
where the adjustment was made; hence, arrangements must be made for 
sliding the magnet along as different latitudes are reached, and for removing 
it, and even reversing it in high latitudes of opposite name. 

216. After all the compensations have been accurately made, there will 
still remain small residual errors ; for these the ship must be swung, and a 
table of deviations made for use. When an arrangement of magnets is 
employed to neutralise those large deviations occasionally found, and caused 
by the iron ship's magnetism, the compass so corrected can never be con- 
sidered as entirely compensated* and the deviation must be expected to change 
on change of latitude, and from other causes. It will thus be seen that the 
seaman can have no absolutely safe guide, except in the system of actual and 
unceasing observation. 

* This should be particularly considered by masters of iron ships about to proceed to a 
port south of the equator. 
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METHODS OF FINDING THE AMOUNT OF THE DEVIATION. 

2 1 7. When in port, there are two principal methods in general use for 
finding the deviation, viz: — Method I, by the known correct magnetic 
bearing of a distant object, and Method II, by reciprocal simultaneous 
bearings, i.e., with a compass on board and a compass on shore. 

218. Method I. — By the known bearing of a distant object— The 
requisite warps being prepared, the ship is to be gradually swung round so 
as to bring her head successively upon each of the 32 points of the Standard 
Compass ; and when the ship and the compass card are perfectly steady, and 
her head exactly on any one point, the direct bearing of some well-defined 
object is to be observed with the Standard Compass, and registered. The 
ship's head is to be gently warped round in the same manner to the next 
point, and when duly stopped and steadied there, the bearing of the same 
object is to be again set, and again recorded ; and so on, point after point, 
till the exact bearing of the one object has been ascertained with the ship's 
head on every separate point of the compass. 

219. The object selected for this purpose should be at such a distance that 
the diameter of the space through which the ship revolves shall make no 
sensible difference in its real bearing, and should not exceed the one- 
hundredth part of the distance of the object. The distance must depend on 
the range the ship takes when swinging ; if she be at anchor, in a tide way, 
from 6 to 8 miles is not too much ; brought up by the middle (in a dock) 2 
miles will suffice. 

220. The next step is to determine the correct magnetic bearing of the 
selected object from the ship; or in other words, the compass bearing it 
would have from on board if it were not disturbed by the attraction of the 
iron in the ship. This is effected by taking the compass to some place on 
shore (avoiding local influences) from which the part of the ship where the 
compass stood and the object of which the bearings had been observed shall 
be in one with the observer's eye, or else in the exactly opposite direction. 
The bearing of the object from that spot will evidently be the correct magnetio 
bearing from the ship by the compass. The difference between the correct 
magnetic bearing of the object and the successive bearings which were ob- 
served with the compass on board, when the ship's head was on the several 
points, will show the error of each of these points which was caused by the 
ship's iron; or, in other words, the Deviation of the Standard Compass 
according to the direction in which the ship's head was placed. 

(b) The correct magnetic bearing of the distant object will be the mean 
value of all the observed bearings, if observed on equi-distant points ; or of 
four or more compass bearings, if taken also, on equi-distant compass points. 

221. H. — By reciprocal bearings. — Should there be no suitable object 
visible from the ship, and at the requisite distance as stated above, the 
deviations must be ascertained by the process of reciprocal bearings. 
A second compass is placed on shore where it will be entirely beyond 
the influence of iron of any description and where it can be distinctly 
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seen from the Standard Compass on board. Then take, simultaneously 
(known by pre-concerted signal), the bearing from each other of the compass 
on shore and the compass in the binnacle, as the ship is warped round so as 

The observations and tabulated results are incomplete until the correct 
magnetic bearing of the ship's head at each observation is found. 

228. The following shows the arrangement of tabular forms for finding 
the deviation by the several processes described. 

I. By bearing of a distant object. 

Correct magnetic bearing of distant object from ship N. 63 o' W., distant 
11 miles. 



_ rr 



Before this process is complete, the Standard Compass should be carried on 
shore, in order to be compared with the compass used there, by means of the 
bearing of some distant object, and the difference, if any, is to be recorded ; 
and in all cases, when compasses are compared, the caps, pivots, &c, should 
be first carefully examined. The shore compass gives correct magnetio 
hearings. 

The difference between the correct magnetic bearing of the standard com- 
pass as observed from the shore, and the bearing of the shore compass as 
observed from the ship, with her head in any particular point, reversed, i.e., 
with 180 added or subtracted, will show the error on that point which was 
caused by the ship's iron ; in other words the deviation of the standard com,- 
pass according to the direction in which the ship's head was placed. 

222. m. — By Marks on the Dock WalL— This is a very convenient 
method where it can be practised. At Liverpool the correct magnetic 
bearings of the Vauxhall chimney, from various points of the dock walls, are 
painted in large figures on the walls, so that the bearing of the same chimney 
may be observed as the ship swings with the wind and tide ; and at the same 
time that bearing marked on the wall, which is on a line between the 
Standard Compass and the chimney, is noted. 

The difference between those bearings is the deviation for the point on 
which the ship's head is at the time. 

In a similar manner, at Cronstadt, the correct magnetic bearings of a 
conspicuous point on a public building are painted on the mole. 

223. If during the operation of swinging, a haze obscures the shore com- 
pass, while the sun at the time is shining brightly, a number of points may 
be secured by time-azimuths, which otherwise might be lost. Time-azimuths 
are also advantageous where the second of the above methods cannot be used 
for want of an assistant observer for the shore compass ; and when the first 
of the above methods are not available owing to the length of the ship and 
the scope of the moorings, combined with the most distant objects in sight, 
not being sufficiently far off to render the difference of their bearings in- 
sensible as the ship swings round to the tide. In such cases Gfodfray's 
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METHODS OF FINDING THE AMOUNT OF THE DEVIATION. 

117. "When in port, there are two principal methods in general use for 
finding the deviation, viz: — Method I, by the known correct magnetic 
bearing of a distant object, and Method II, by reciprocal umnltaneou 
bearing!, ».»., with a compass on board and a compass on shore. 

218. Method I. — By the known bearing of a distant object. — The 
requisite warps being prepared, the ship is to be gradually swung round so 
as to bring her head successively upon each of the 31 points of the Standard 
Compass ; and when the ship and the compass card are perfectly steady, and 
her head, exactly on any one point, the direct bearing of some well-defined 
object is to be observed with the Standard Compass, and registered. The 

hearing of the ship's head may be obviated, however, by using the dumb-card, 
i.e., a oompasB-card without the needle, slung in gimbals, with its centra over 
a fore-and-aft lino of the vessel, and as near to its middle as possible. The 
card is fitted with sight vanes, similar to an azimuth compass. Having ob- 
tained the correct magnetic hearing of a distant object, place the card so that 
it shall point out that direction, and screw the sight vanes to the card, so as 
to cut the object with the thread. Then, as the ship is swung, the card 
must still be kept pointing out the correct magnetic bearing of the object 
by means of the sight vanes, and where the fore-and-aft line meets the edge 
of the card, must then be the correct magnetic bearing of the ship's head. 

116. To name the Deviation. — Eule. — When the reading by the ikon 
compost (reversed), or the correct magnetic bearing of the distant object, it to lb* 
right of the reading by the eompau on board, the deviation is easterly; when to 
the left, westerly. 

Thus supposs the comet magnetic bearing from the shore compass, with ship's head at 
N.W., is N. 15° E., and the bearing of shore compass from the ship is S. 11* W. ; to Slid 
deviation proceed thus : — 

ReYerse of the bearing by shore compass ( » ow 

or correct magnetic bearing ) * 

Bearing from ship S. 1 1 W. 

Deviation 4 E. 

JVTieii the ship's head lies N.N.E., let the binnacle compass bearing of the shore object 
or compass be K. 19° 30' E., and the hearing of the binnacle compass from the shore com- 
pass be S, 17° o' W. : required the deviation. 

jposite point to 8. 17 o' W. is N. 17° o' E., which is 7 30' to the right of 
>' E. Hence the deviation is 7* 30' E. 

The directions of the ship's head having been taken by the compass 
ihip, are therefore affected by the local attraction, and the apparent 

bearing of the ship's head differs from the correct magnetic bearing 
unount of the local deviation due to the position of the ship. For 

* Magnetism of Ships and the Mariner's Compass. 
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seen from the Standard Compass on board. Then take, simultaneously 
(known by pre-concerted signal), the bearing from each other of the compass 
on shore and the compass in the binnacle, as the ship is warped round so as 
to bring W hftRii successively upon each of the thirtv-two points of the 

«n«tffffrovT m www wrwmBTWBWprv flfNNr will- w jw» wy »• 

The observations and tabulated results are incomplete until the correct 
magnetic bearing of the ship's head at each observation is found. 

228. The following shows the arrangement of tabular forms for finding 
the deviation by the several processes described. 

I. Bj bearing of a distant object. 

Correct magnetic bearing of distant object from ship N. 63 o' W., distant 
11 miles. 



Ship's Head 

by the 

Standard Compass. 



East ... 
E. by 8. 
E.8.E. 
8.E. by E. 

S.E. 



••••••• 



■••* *••••• 



Bearing of Distant 

Object by the 
Standard Compass. 



N. 83 20' W. 
N. 82 15 W. 
N. 81 5 W. 
N. 72 30 W. 
K. 77 40 W. 



Deviation 

of 

Standard Compass. 



20 20' E. 

19 15 E. 

18 5 E. 

16 30 E. 

14 40 E. 



And similarly at all points of the compass. 



II. By reciprocal bearings. 







SIMULTANEOUS BBAKINOS 






Ship's Head 

by the 

Standard 




Deviation 

of 
Standard 


Time.* 


From Standard 


From 




Compass. 


Compass 
onboard. 


the shore 
Compass. 


Compass. 


9 h IO m A.M. 


North .... 


S. 37 50' E. 


N. 41 o'W. 


3 10' W. 


9 J 4 » 


N. by B. . . 


S. 45 E. 


N. 42 25 W. 


2 35 E. 


9 J 7 » 


N.N.E 


S. 51 40 E. 


N. 43 30 w - 


8 10 E. 


9 2I » 


N.E. byN.. 


S. 57 20 E. 


N. 44 10 W. 


13 10 E. 


9 * 6 » 




8. 61 50 E. 


N.45 oW. 


16 50 E. 


9 3 2 » 


N.E. by E. . 


8. 65 30 E. 


N. 46 oW. 


19 30 E. 


And so on through, all the' points of the compi 


188. 



229. The seaman must remember that the corrections thus obtained 
belong to the compass by which the observations are made, and to that com- 
pass while it is in its proper place, and that these corrections will furnish no 
guide whatever to the effects of the iron on a compass placed in any other 
part of the ship ; but if, while swinging, the direction of the ship's head by 
the other compasses is noted and tabulated, the deviation of all the compasses 
can be found. 



* The time — as taken by compared watches — may be omitted if the shore observations 
can be dearly made out by being chalked on a black board. 
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The following is a Table of Deviations to which reference is to be made in 
working the following examples. 

TABLE OF DEVIATIONS. 



SHIP 8 HBAD. 



North . 
N. by E. 
N.N.E. 
N.E. by N 
N.E. . 
N.E. by E 
E.N.E . 
E. byN. 
East. . 
E. by 8. 
E.o.E. . 
S.E. by E. 
S.E. 

S.E. by S. 
S.S.E. . 
S. by E. 



DEVIATION. 



22 

1 46 

3 20 

5 H 

7 14 

8 54 

10 44 

11 40 
10 44 

9 54 

9 « 

7 20 

6 18 

5 o 

3 *4 

1 42 



W. 

E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 



SHIP 8 HBAD. 



South . 
S. by W. 

S.S.W. 



8.W. by S. 
S.W. . . 
S.W. by W. 
W.S.W. . 

W. byS. . 
West . . 
W. by N. . 
W.N.W. . 

N.W. by W. 
N.W. . . 
N.W. by N. 
N.N.W. . 
N. by W. . 



DEVIATION. 



• 
O 

I 

3 

4 
6 

7 

9 
10 

11 

11 

10 

9 
7 
6 

5 
3 



16 E. 
50 W. 
16 W. 
48 w. 
16 w. 
40 w. 
18 w. 
34 W. 

50 w. 
10 w. 
16 w. 
18 w. 
52 w. 
18 w. 

2 W. 

10 w. 



230. The purposes for which a Table of Deviations so formed are : — 

1st. — To correct the course steered by the compass, in order that the 
correct magnetic course actually made good may be used in the calculation 
of the ship's reckoning, or to lay it down on the chart. 

2nd. — If one or more bearings of the land are taken, to correct these 
bearings by the amount of deviation due to the direction of the ship's head 
at the time. 

3rd. — If we wish to shape a course for a port, and having, either by 

calculation, or as taken from the chart, the correct magnetic course to be 

made good, so to apply the deviation as to obtain the compass course to be 

steered. 

EULE LIX. 

To find the correct magnetic course, having given the compass course and 
deviation. 

Express the compass course in degrees, Sfc. ; look in the Table of Deviations for 
the deviation opposite the given course — then, 

' Easterly deviation allow to the right. 
Westerly „ „ left. 

Examples. 

Correct the following compass courses for deviation, as given in Table 
above : — 



1. E.S.E. = 6 points L. of 8. 

6 points L. of S. = 67 30' L. of S. 
Deviation (Table) 9 8 R. 

Cor. mag. course 58 22 L. of S. 

or S. 58 22 E. 

In this instance the deviation being Easterly, al- 
low to the right. 



2. N.N.W. =.= 2 points L, of N. 

2 points L. of N. z= 22 30' L. of N. 
Deviation (Table) 5 



Cor. mag, course 



2 L. 



27 32 L. of N". 



or N. 27 32 W. 

The deviation in this instance being Westerly, al- 
low to the left. 
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3. S.W. = 4 points R. of S. 

4 points R. of S. = 45 o' R. of 8. 
Deviation (Table) 6 16 L. 

Cor. may. cow** 38 44 R. of S. 

or S. 38 44 W. 



4. W. = 8 points R. of S. 

8 points R. of 8. =90° o'R. of 8. 
Deviation (Table) 11 50 L. 



Gor. mag. course 



78 10 R. of 8. 
or 8. 78 10 W. 



W.}N. = 7f pts. L. of N. = 87 11' L. of N. 

Deviation = 11 40 L. 

98 51 L. of N. 
180 o 



Cor. mag. course 81 9 R. of 8. 
or 8. 81 9 W. 



West =ii°5o'W. 

W. byN. =11 10 W. 

4)0 40 

Dev. for J pt. = o 10 
Dev. W. = 11 50 

Dev. for W, J N. = 11 40 W. 



N.W. by W.fW. = 5| L. of N. = 6i° 4 i' L. of N. N.W. by W, = 9° 18' W. 

Deviation = 10 2 L. W.N.W. = 10 16 W. 



N. 71 43 W. 



The deviation (see Table) forN.W.by W. and "W.N.W. 
is found, and the difference of these quantities is the 



Change for 1 pt. = 58 

4)58 




is the deviation 
for H. W. by W. | W lt and it is to be subtracted, because 
the deviation for N.W. by W. is lees than for W.N.W. 

7. N. J E. = i pt. R. of N. = 5 38' R. of N. 

Deviation =0 42 R. 

Correct magnetic course 6 10 R. of N. 

or N. 6° 20' E. 

One deviation being W., and the other £., half the dif- 
foresee of the two is taken for the deviation. 

8. N.JW. = J pt L. of N. = 5» 38' L. of N. 

Deviation = 1 46 L. 

Correct magnetic course N. 7 24 W. 

Half the sum of the deviations for N. and N. by W. is taken for 
deviation on N. AW. ; both deviatiohs being of the same name. Or 
proceed thus — take the deviations from Table for North and for 
N. by W. ; take the difference and half it, anply this to the deviation 
for NorttL, adding because the deviation is greater for N. by W. 
than for North. 

Examples tor Practice. 



Change of dev. for J pt. = 14 
Dev. for W.N.W. =1016 



Dev. for N.W. by W. % W. = 10 2 W. 

Deviation at N. = o° 22' W. 
N. by E. 1 46 E. 

2)1 24 

o 42 E. 



Deviation at N. = o° 22' W. 
N. byW. 3 10 W. 



Dev. on J pt. 



*)3 3* 
= 1 46 W. 



Correct the following courses steered for deviation, as given in the Table, 
page 136. 



I. 


N.E. by N. 


8. 


S.E. by E. 


15- 


S.W. by S. 


22. 


West 


2. 


North 


9- 


N. by E. i E. 


16. 


S.JE. 


*3- 


N.W. J W. 


3- 


N. by W. i W. 


10. 


South 


*7- 


W.J 8. 


H- 


S.JW. 


4- 


S.W. i W. 


11. 


W. JN. 


18. 


N.N.E. } E. 


*5- 


W. by S. i S. 


5- 


W. JN. 


12. 


S.E. i S. 


19. 


N.JE. 


26. 


E.J 8. 


6. 


D.S.lnr • •} Tf . 


13- 


E.fN. 


20. 


W. by N. 


*7. 


East 


7- 


EbyN. 


14. 


N.W. i W. 


21. 


S. by E. 


28. 


W.N.W. 



231. Proceeding to correct the courses for the deviations given in 
Table I, a second Table, arranged like the following, may be made for all 
the points of the compass. 



»3« 



Deviation of the Compos*. 



TABLE H. 



douses steered by Compass. 



North ........ or o° 

N. byE „ N. ii 15' E. 

N.N.E „ K. 21 30 E 

N.E. by N. . . „ N. 33 45 E. 

N.E. ........ ty N. 45 ° E. 

N.E. byE „ N. 56 15 E. 

E.N.E „ N. 67 3° ^* 

E.byN ,* N. 7845E. 

East „ 90 

E. by 8 „ 8. 78 45 E. 

E.S.E. • • it 8. 67 3 ^** 

8.E. by E „ 8. 56 15 E. 

S.E. •••••••• a 8. 45 o E. 

S.E. by 8 „ 8. 33 45 E. 

8.8. E. ....... • 9 i 8. 22 30 E. 

8. byE „ 8. 11 15 E. 

South „ o 

8. byW „ 8. 11 15 W. 

8.8. W „ 8. 22 30 W. 

S.W.byS „ 8. 33 45 W. 

8. \v „ 8. 45 o W. 

S.W. byW. .. „ 8. 56 15 W. 

W^ ,8. Yf. ...... „ 8. 67 3 "W' 

W. by 8 „ 8. 78 45 W. 

"West „ 90 

W.byN „ N. 78 45 W. 

W.N.W „ N. 67 30 W. 

N.W. by W. . . „ N. 56 15 W. 

N. W „ N. 45 o W. 

N.W. by N. . . „ N. 33 45 W. 

N.N.W „ N. 22 30 W. 

N. by W „ N. 11 15 W. 



Deviation. 



6° 22' W. 
1 46 E. 



3 


20 


E. 


5 


H 


E. 


7 


14 


E. 


8 


54 


E. 


10 


44 


E. 


11 


40 


E. 


10 


44 


E. 


9 54 


E. 


9 


8 E. 


7 


20 


E. 


6 


18 E. 


5 





E. 


3 


24 


E. 


1 


42 


E. 





16 E. 


1 


50 


W. 


3 


16 W. 


4 


48 


w. 


6 


16 w. 


7 


40 


W. 


9 


18 


W. 


10 


34 


w. 


11 


50 


W. 


11 


10 


W. 


10 


16 W. 


9 


18 w. 


7 


5* 


W. 


6 


18 


w. 


5 


2 


W. 


1 


10 


W. 



Correct Magnetic Courses. 



N. 

N. 

N. 

N. 

N. 

N. 

N, 

S. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

S. 

S. 

8. 

8. 

8. 

8. 

8. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 



0°22'W. 


or 


13 i E. 


»> 


25 50 E. 


» 


38 59 E - 


» 


52 14 E. 


it 


65 9 E- 


tt 


78 14 E. 


it 


89 35 E. 


it 


79 16 E. 


tt 


68 51 E. 


a 


58 22 E. 


»i 


4« 55 E. 


>» 


3844E. 


it 


28 45 E. 


it 


19 6 E. 


tt 


9 33 E. 


tt 


16W. 


11 


925W. 


it 


19 14 W. 


t» 


28 57 W. 


it 


3844W. 


it 


48 35 w. 


tt 


58 12 W. 


tt 


68 1 1 W. 


»i 


78 10W. 


tt 


89 55 W. 


tt 


77 46 W. 


tt 


65 33 W. 


a 


52 52 W. 


tt 


40 3 W. 


tt 


27 32 w. 


it 


14 25 w. 


a 



North. 

N. by E. i E. 
N.N.E. i E. 
N.E. i N. 

N.E. J e: 

N.E. by E. f E. 
E. by N. nearly. 
East. 
E. by 8. 
E.S.E. § E. 
S.E. by E. J E. 
S.E. v E. 
S.E. J S. 
&.S.E. ^ E. 
8. by E. f E. 
S. f E. 
South. 
8. i W. 

8. by W. * W- 
S.8.W. 4 W. 
S.W. i 8. 

s.w. I w. 

8 W. by W. * W. 
W.8.W. £ W. 
W. by 8. 
West. 

W.N.W. J W. 
N.W. by W. | W. 
N.W. i W. 
N.W. by N.J W. 
N.N.W. 1 W. 
N. by W. J W. 



To obtain from the Table above the correct magnetic course of the ship from. 
the course shown by the Standard Compass, look in the ist column of the 
Table for the latter ; the 2nd column gives the deviation when her head 
is on that point ; and in the 3rd column (the deviation having been applied 
as directed in Rule LIX) the seaman will find the correct magnetic course 
given there, by inspection. 

This Table will be found more useful than the common table of deviations, 
as it shortens the calculation, when it is required to fractions of a point, as a 
half, a quarter, &c, and when steering upon a whole point, the correct mag- 
netic course is known at sight. 

The following examples will show the use of the Table. 

Examples. 



Ex. 1. The ship's head by Standard 
Compass is N.E. } E. : what is the correct 
magnetic course ? (using the table above). 

Oorr. mag. course for N.E. =.= N. 52°i4'E. 
„ N.E. byE. = N. 65 9 E. 



I! 



2)lI7 *3 

Corr. mag. co. for N.E. | E. = N. 58 41 E. 

Here the courses taken from the Table are of the 
some name, therefore, half the sum is evidently the 
correct magnetic course corresponding to N.E. J £. 



Ex. 2. Find correct magnetic course 
when Standard Compass course is N. J E. 
(using the above Table). 

Corr. mag. course for North = o° 2»* "W. 
„ „ N.byE.= 13 1 E. 

2)12 39 
Corr. mag. course for N. J E. = 6 19 E. 



Here the courses corresponding to North. 
N. by E. are of contrary names ; hence, for a 

dard Compass course, midway between N. 

N.' by E., we use half the difference of the oorrect 

TTIMTIfltiio OaurBAB nflwwmftTi^ing in than* ™rfnfa» 
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Ex. 3. 8hip's head by Standard Compass 
is N. J E. ; find, by means of the Table, the 
corresponding correct magnetic course. 

Coir. mag. course for North = o°22' W. 
„ „ N, i E. = 13 1 E. 

4)i3 *3 

Difference for £ point =321 

Corr. mag. course for North = o 22 W. 

Corr. mag. course for N. \ E. = 2 59 E. 



Ex. 4. Required the correct magnetic 
course when ship's head by Standard Com- 
pass is W. J N. 

Corr. mag. course for West = S. 78°io' W. 

„ „ W.byN.l « w 

iflN.8 9 °55'W.orS.90 5 / W.; B, 9° 5 w. 

" 55 
3 

4)35 45 

Difference for f point 4- 8 56 

Corr. mag. course for West = 8. 78 10 W. 



Corr. mag. course for W. f N. = 8. 87 6 W. 

232. Correction of Compass Bearings. —In order to correct the bearing 

of the object as taken by the Standard Compass, note the direction of the 

ship's head by that compass while taking the observation, then enter the first 

column of either Table I or II with tjiat, and in the second column will be 

found the deviation to be applied to the bearing of the object. (See 144-146, 

page 90). Easterly deviation to be allowed to the right and westerly to the 

left, as in .Rule LIX. 

Caution. — Be careful to remember that the deviation to be applied is that due to the 
compass course, not that on the point of bearing ; and the consequence of a misapplication of 
the deviation, by applying that for the point of bearing instead of the deviation for the 
rompasB course may lead into danger, if not loss. 

Examples: 

Ex. 1. The bearing by Standard Compass of the South Foreland is N.N.W., the coarse 
by the same is E.N.E. : required the correct magnetic bearing. 

Taking out the deviation from the Table for the direction the ship's head was on at the 
moment the bearing was taken, we have 

Bearing by Standard Compass of South Foreland N. 22 30' W. or 22° 30' L. of N. 
Deviation by Table for E.N.E. (applied to right) 10 44 E. „ 10 44 R. 

fc— »^— »^« *^M^«0^ 

Correct magnetic bearing n 46 W. „ n 46 L. ofN. 

or N. 46°ii' W. 

Ex. 2. Ship's head E.S.E. by compass, the bearing by the same compass of the Start 
Point is N. 20 W. : required the correct magnetic bearing. 

Bearing of Start Point by Standard Compass N. ao° W. or 20° L. of N. 
Deviation by Table (applied to the left) 14 W. „ 14 L. 

Correct magnetic bearing N. 34 W. „ 34 L, of N. 

or N. 34 W. 

Ex. 3. Two islands bear S.E. and W.S.W. ; the ship's head is N.E. : required the oorrect 
magnetic bearing of each. 

Bearing by Standard Compass S.E. = S. 45° E. or 45° L. of S. 

Deviation by Table (applied to the right) = 7 E. „ 7 R. 

Correct magnetic bearing = S. 38 E. „ 38 L. of 8. 

or S. 38 E. 

Bearing by Standard Compass W.8. W. = S. 67 30' W. or 67 30' R. of 8. 

Deviation by Table (applied to the right) = 7 14 E. „ 7 14 B. 

Correct magnetic bearing = S. 77 44 W. „ 74 44 R. of S, 

o* S. 75 W. 



Ho 
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Examples for Practice. 



In the following examples the ship's compass course and the bearing of the 
object by compass are both given, and it is required to find the magnetic 
bearings of the objects, using the same deviation table (Table of Deviations, 
page 136). 



No. 


Ship's Head 
by Compass. 


Compass Bearing. 


No. 

7 

8 

: 9 

10 

' 11 

12 

1 
1 


Ship's Head 
by Compass. 


Compass Bearing. 


1 
2 
3 

4 
5 
6 


Wert 


East 
E. by 8. J 8. 

North. 

South. 

E.JS. 
8. by W. J W. 


KIN 


N. }W. 

W.J 8. 
W. by 8. J 8. 

8. *E. 
W. by N. 4 N. 
N. by W. J W. 


0.0. 0. •••••••• 

N.E.byN 

W.N.W 

W.byN.JN... 
8. by W. { W. .. 


N.E. * E •• 

E.JS. 

N. JE 


8.iE 

E.JN. 





233. Given a oorreot magnetic oourse by the chart betwees two points of 
land, to find the course that must be steered by compass. 

RULE LX. 

Easterly deviation is allowed to the left. 
Westerly „ „ right 

taking care that the deviation applied is that of the correct magnetic course. 

Note. — In this case it is important to remember, not only is the general rale of applying 
the deviation nversed, bnt the correction to be applied is the deviation dne to the given mag- 
netic course, not that due to a compass course, as in Rule LIX ; that is, to the correct mag- 
netic course as found from the chart, or by calculation ; the deviation, as due to that oourse, 
must be applied as directed above, in order to find the course to be tt&red by compass 
approximately. It will be observed that on those courses near which the deviation is 
considerable, and rapidly changing, the deviation on a given magnetic course is considerably 
different from that on the compass course of the same name. In such oases it will be 
necessary to again enter the table with the approximate oourse and get the corresponding 
deviation and apply it to the oorreot magnetic oourse ; the result will be the oompasB course 
to be steered to make good the given oorreot magnetio oourse. 

EXAKPLK. 

Ex. 1. Required the Compass Course that shall make oorreot magnetio W. by 8. 

Entering the first column of Table I, or II, with W. by 8. the deviation on that point is 
found to be 10J W., which allowed to the right would be about West ; and since the devia- 
tion for this last does not differ from the deviation used, it may be considered that to make 
oorreot magnetio W. by 8. the oourse to be Bteered is about West. 

234. By comparing the first and third columns of this Table II, the sea- 
man may also by inspection, or a single interpolation, determine what course 
he will have to steer by the Standard Compass, in order to take up any given 
correct magnetic oourse. For example, let the given correct magnetic course 
be N.E., or N. 45 E. ; on referring to column 3, it will be found that 
N. 45 E. lies nearly midway between N. 38 59 E. and N. 52 14 E., the 
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Standard Compass courses corresponding to which are N.E. by N. and N.E. ; 
the course to be steered is consequently N.E. J N. If great accuracy be 
required, it will be necessary to find the exact proportion between the actual 
changes of the ship's head with reference to the horizon ; referring to the 
same example he will find that the ship's head by Standard Compass between 
N.E. by N. and N.E., the actual angular change is 1 3 1 5' represented by 
n° 15' of the compass; in shaping a course therefore, between these points, 
the value of the half point is about 6° 37', the quarter is 3 18' and similarly 
for smaller divisions of the rhumb. 

To prevent, however, the possibility of error in such an important opera- 
tion as that of shaping a course, a separate Table, may be advantageously 
constructed expressly for that object. See Table HI, where the desired 
coarse being sought in the first column is immediately followed by the course 
to be steered by the Standard Compass, and given in degrees and minutes, 
as well as points and fractional parts. 

TABLE HI. 



i Correct Magnetic Course 
• proposed to be steered. 


Course that must be steered by the 

Standard Compass in order to make the 

Correct Magnetic Course. 


North 


• North or nearly North. 
N. io° E. „ N. I E. 
N. 19 E. „ N. byE. |E. 
N. 29 E. „ N.N.E. f E. 
N. 38 J E. „ N.E.JN. 
N. 48$ E. „ N.E. | E. 
N. 59 E. „ N.E. by E. } E. 
N.68 E. „ E.N.E. 
N. 79 E. „ E. byN. 
East „ East. 
8. 78 E. j, E. by 8. 
8. 6$ E. „ 8.E. by E. J E. 
8. 52* E. „ 8.E. }E. 
8. 39JE. „ 8.E.JS. 
8. 26} E. „ S8.E.f E. 
8. 13 E. „ 8. by E. $ E. 
South „ South. 
8. 12JW. „ 8. byW.JW. 
8. 25 i W, „ 8.8. W. i W. 
8. 39 W. „ S.W. 4 8. 
8. 52JW. „ S.W.J W. 
8. 65} W. „ S.W. by W. f W. 
8. 78 W. „ W. by 8. i 8. 
N. 89 W. „ West. 
N. 78* W. „ W.byN. 
N.68 W. „ W. byN.JN. 
N.58 W. „ N.W.byW.JW. 
N.48 W. „ N.W. fW. 
N. 38 W. „ N.W. | N. 
N. 28 W. „ N.N.W.JW. 
N. 18 W. „ N. by W. * W. 
N. 8JW. „ N.JW. 
North „ North. 


N.by E 


XSI .131 .JZi. ...... • . . . 

N.E. by N 


N.E. by E 


EN E 

E. byN 


East 


E. by 8 


E.8.E •••••• 

SJS 


8.8.E 

8. by E 


South 


D.O. w* . ..•■...■.. 

8. W. by 8 


0. w • ..•»...*•••• 
West 


N.W.byW 

N.W.byN. '. 

N. byW 

North 



-Y H 






Si 



' 31 



6< 
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23;. The following Examples are designed to show the method of correct- 
ing courses for leeway, variation, and deviation. 

Examples. 
Ex. 1. Course steered E.N.E., wind S.E. ; leeway 2$ points ; variation ij W. ; and the 
deviation 2J points E. ; required the true course. 

Here the course by compass is E.N.E or 6 points right of North. 

The variation and deviation are of contrary names, 
their difference, viz. (if E. — 1 J W. = 1 J E.) 
is iJE. and %. + 1 J points right of North. 

Therefore the sum is the course corrected for 

variation and deviation and is 7} points right of North. 

The ship being on the starboard tack the leeway is 

applied to the left, and hence is — 2 J left. 

Difference 5 points right of North. 

True course N.E. by E. 

Ex. 2. Course by compass N.N.W. ; wind N.E. ; leeway 2} points ; variation 45° W. ; 
deviation 16 52' E. : find the true course. 

Here the ship's course is N.N.W 2 points left of North. 

The ship being on the starboard tack the leeway is 

applied to the left, and hence is 2 J „ left. 

Therefore the sum is the course corrected for leeway 4} „ left. 

Which expressed in degrees, &c., is 5° 3^' loft of North, 

The variation and deviation are of contrary names, 
their difference, viz., (45° W. — 16 52' E.) 
28°8'W.,is 28 8 left. 

Sum 78 46 left of North. 

True Course N. 78^6' W., or W. by N. 

In this example the compass course and leeway are given in points, we therefore take the 
course and allow the leeway from the wind, which gives the course corrected for leeway, 
viz., 4} points left of North, which expressed in degrees, &c, is 50 38' L. of N. ; then the 
difference of the variation and deviation is taken as they are of contrary names, the remainder 
— which takes the name of the greater — is then applied, the result is the true course. We 
may, however, if we prefer so to do, express all the quantities in degrees, and the work will 
then stand as in the following example. 

Ex. 3. Course by compass W. by S. ; variation 3 J E. ; deviation 13 50' W. ; wind S. by 
W. ; leeway 1} points : required the true course. 

Compass course W. by S. •• • . = 7 8° 45' right of South. 

Variation 3^ points = 36 34 right. 

115 19 right of South. 
Deviation 135010ft. 

Course corrected for variation and deviation 101 29 right of South. 

Leeway, port tack if points = 19 41 right. 

Sum exceeds 90 121 10 right of South. 

Subtract from 180 

58 50 left of North. 

. • . True Course is N. 58 50' W. 

Since no course can exceed 90 from cither N. or S., when the course as in this example 
exceeds 90°, the result must be taken from 180 , and its name changed. (See Rule LV (»), 
page in.) 
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From the following Compass Courses find the True Courses :— 




No. 


Compass Course*. 


Winds. 


Leeway. 


Variation. 


Deviation. 


I. 


N.E, by E. 


N. by W. 


*s 


pts. 


2 pts. W. 


3$ pts. E. 


2. 


North 


E.N.E. 


2 


»> 


2 „ w. 


r „ E. 


3- 


N.N.W." 


N.E. 


si 


» 


2} „ E. 


1* „ E. 


4- 


Wert 


S.8.W. 


*i 


» 


2f „ E. 


i „ E. 


5- 


S.S.E. j E. 


S.W. i 8. 


3* 


» 


2j „ E. 


ii „ W. 


6. 


E.JS. 


N.E. by N. 


3i 


» 


ij „ W. 


ii „ E. 


7- 


N. by W. 


W. by N. 


I 


11 


2j „ W. 


ii „ W. 


8. 


South 


W.8.W. 


** 


11 


i* „ E. 


ii „ E. 


9- 


W. by 8. ± 8. 


N.W. 


*t 


11 


2 „ W. 


i* ,, w. 


10. 


N.E. by E. J E. 


N. by W. 


*i 


11 


2J „ E. 


i* ,, E. 


ii. 


8.W. by W. 


8. by E. 


2 


ii 


3 ,, E. 


i* „ w. 


12. 


E.JS. 


S. by E. 


If 


11 


42 o'E. 


15 o'E, 


'3- 


N.E. 


N.N.W. 


^ 


11 


12 W. 


16 30 E. 


14- 


W.N.W. 


North 


3 


>> 


42 E. 


18 30 W. 


15- 


N.E. by E. 


N. by W. 


J 


i» 


14 E. 


19 E. 


16. 


W. by 8. 


S. by W. 




>» 


10 30 E. 


19 W. 


'7- 


South 


E.o.£j. 


* 
7 


11 


17 W. 


3 E. 


1 8. 


West 


N.N.W. 


»i 


ii 


18 30 E. 


21 W. 


*9- 


S.8.W * W. 


S'.E. by 8. 


*i 


»» 


17 W. 


5 W. 


ao. 


N.W. by W. 


N. by E. 


3 


11 


25 W. 


7i W. 


21. 


E.byN. 


S.E. by 8. 


«i 


» 


3* E. 


12 E. 


22. 


W. by 8. J 8. 


8. by W. 


2 


11 


15 E. 


15 w. 


*3. 


E.JS. 


N.N.E. i E. 


4 


»> 


21 W. 


4 W. 


*4- 


8.W. by 8. 


W. by N. 


I* 


11 


25 E. 


10 w. 


*5- 


South 


E.S.E. 


Ij 


11 


52 W. 


2 E. 


2d. 


S.W. i S. 


S.S.E. J E. 


Ij 


11 


52 W. 


13 W. 


27. 


E.JS. 


8. by E. J E. 


J 


ft 


52 W. 


24 E. 


28. 


East 


S.8.E. 


*i 


>i 


8 30 E. 


15 35 E. 


*9« 


W.JN. 


N.N.W. 


i* 


>i 


8 30 E. 


21 30 W. 


3°. 


N.JW. 


W. by N. 


* 


11 


15 45 E. 


6 W. 


31- 


E.JN. 


N.N.E. 


*i 


11 


13 W. 


20 E. 


3»- 


S.E. by K 


8. by W. 


it 


11 


18 W. 


16 30; E. 


33- 


N.byW.JW. 


N.E. i E. 


*i 


11 


53 oW. 


8J W. 


34- 


up 8 .E. 1 
off E.byN.; 


South. 


4* 


>i 


i± pts. E. 


2 pte. W. 
1} „ W. 


35- 


np 8.W. J W. | 
offW. byN. j 


8. JE. 


5i 


11 


ij „ E. 


2* „ E. 
1} „ E. 


3^ 


up N.W. | N. ) 
off W. byN. / 


N. by E. 


4i 


11 


i* „ E. 


i n E. 

it ,, E. 



NAPIEB'S DIAGEAM. 

236. It is often of the utmost importance in various branches of physical 
science to represent tables of related numbers by means of curve lines, or 
other figures that show to the eye the nature of the relations or laws expressed, 
or rather concealed, within the mass of figures constituting the tables. Not 
only does such a mode of representation at once manifest these laws — almost 
rendering them palpable — but it further points out in what cases natural 
lawB are not represented, and therefore what the cases are that require a 
greater amount of observation. These modes of representation are com- 
monly known as Graphic Methods, 
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Various "graphic methods" of delineating the deviation have been 
devised;* but the method introduced here is due to J. R. Napier, Esq., 
F.R.S., and is one peculiarly adapted for this purpose, as it is equally appli- 
cable whether the points on which the observations have been made are or are 
not precisely equidistant. It requires no calculation, and only a moderate 
degree of neat-handedness. 

The method consists of two parts, the diagram and the curve. The diagram 
is the same for all vessels. 

Construction of the Diagram— In this method the diagram consists of 
a central or vertical line of convenient length — say 1 8 inches — which may be 
considered as representing the margin of the compass card cut at the north 
point, ancf straightened and extended in the following way : — 

S E B W S 

This line is divided into 32 equal parts, representing the 32 points of the 
compass, commencing at the top with north, and ranging in the order of 
N. by E., N.N.E., &c. The vertical line is then intersected at each of the 
32 points by two straight lines inclined to it at an angle of 6o° : one of these 
is a plain line inclined to the right ; the other a dotted line inclined to the 
left ; that is, on the right side of the vertical line, the dotted lines incline 
downwards, and the plain lines upwards. The reverse is the case on the left. 

The central line is further divided in 360 equal parts, representing degrees, 
and these divisions are numbered from o° at the top to 360 at the bottom. 
They are also numbered, according to the usual mode of dividing the cir- 
cumference of the compass-card, from o° at North and South, up to 90 at 
East and West. 

237. Bequiiite Observations to be made. — The least number of ob- 
served deviations available for obtaining a complete curve are the deviations 
on 4 points distributed equally, or nearly so, round the compass ; but, if 
possible, the deviations should be observed on 8 or more points. If the 
observations are observed on 4 points only, these should be at or near N.E., 
S.E., S.W., and N. W., and from these it is possible to form a fairly approxi- 
mate curve. The points next in importance are North, East, South, and 
West. If the deviations have been observed at or near the eight principal 
points, a curve can be drawn which will give the deviation on every point of 
the compass within very small limits of error.. 

238. Cases may also occur in which by the ship swinging round at her 
anchors in a tide- way or to the wind, or by the aid of a steam-tug, the devia- 
tion may be observed on various directions of the ship's head, not being 
necessarily exact points of the compass ; or similiarly whilst under steam or 
sail at sea, a number of azimuths of the sun may be observed, and hence the 
deviation obtained. 

* Graphic methods for correcting the ship's course for the Deviation of th« Compass have 
also been designed by Rear Admiral Ryder, Mr. Archibald Smith, F.R.S., and Mr. W. W. 
Rundell. Admiral Ryder's, which is an extension of Napier's diagram, is published by the 
Admiralty. Mr. Smith's, known as the straight line method, is published by the Board of 
Trade, and also furnished to H.M. Bhips for fleet tactics, for which it is well adapted. Mr. 
RnndeU's is known as the circular method. They are all useful in practice. 
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In these cases the Graphic method here described furnishes a ready and 
effectual mode of obtaining a result on which the error of individual observa- 
tions are as far as possible compensated and any egregious errors eliminated. 

239. Construction of the Curve of Deviation. — Easterly deviations are 
laid down to the right of the central line, Westerly deviations to the left. 
The plain and dotted lines make an angle of 6o° with the central line and 
with each other, and so forming a set of equilateral triangles with the central 
line;* the scale on each is the same, and the amount of the deviation may 
therefore be taken from the scale of degrees on the central line ; then, if the 
deviation has been determined with the ship's head on an exact compass 
point, lay off the amount of the deviation on the dotted] line which passes 
through that point ; but if not observed on the exact point, then on a line 
parallel to the dotted line, the compass course or direction of the ship's head 
being still taken from the central line, and mark the point so determined with 
a cross, or dot encircled in ink. Perform the same operation for each observed 
deviation. Then with a pencil and a light hand draw a flowing curve, pass- 
ing as nearly as possible through all the crosses, or dots encircled ; and when 
satisfied that the curve is good, draw it in ink. This is the curve of deviations. 

If any of the pencil marks be out of the fair curve, it may be assumed that 
an error has been made in the observation for that point. 

The process will bo best understood by explaining the projection cor- 
responding to the observations as given in the following table : — 



1 

Ship's Head by 
Standard Compass. 


Deviation. | 


Ship's Head by 
Standard Compass. 


Deviation/. 


, North 

N.E 


! 

6°3o'W. J 

13 w. 1 

22 15 w. , 

23 30 W. ! 

1 


s.w 


5° 30' E. 
28 35 E. 
19 15 E. 

3 E. 


East 


N W 


8.E. 





Deviation Curve C in Diagram. 

1. The first compass coarse on which an observation has been made is North, and the 
observed deviation is 6° 30' W. With a pair of dividers take from the central line a distance 
equal to deviation 6}°, and from North on the vertical line lay off the deviation on the dotted 
line which passes through that point towards the left— the deviation being West; at the 
extremity of the distance make a dot or cross. 



_ • In Bear Admiral Ryder's plan, the central line is the diagonal of a square and the other 
Hnes make angles of 45 with it, and at right angles to each other and to the sides of the 
square, which sides are divided into 360 ; the top and bottom representing correct magnetic 
courses, the sides compass courses. By this method the correct magnetic course correspond- 
ing to a given compass course, or the compass course corresponding to a given correct mag- 
netic course, is found as by a table of double entry. The two methods, it will be seen, are 
the same in principle. Mr. Napier's will perhaps be found more convenient in construction 
by the expert ; Admiral Kyder's more simple in use by the inexpert. 

f If the table of deviations are given for the correct magnetic courses and not the compass 
courses or direction of the ship's head, the same process is gone through, except that the 
deviations are in that case laid off on the plain lines. It is, however, now generally under- 
stood that this procedure is contrary to practice and may lead to error. 
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2. The second compass course on which an observation has been made is N.E., and the 
observed deviation is 13° o' W. With dividers take from the vertical line a distance equal 
to deviation 13 , and from N.E. on the vertical line lay it off on the dotted to the left- 
deviation being W. ; and the point so determined mark with a cross or dot. 

3. The third compass course on which an observation has been made is East, and the 
observed deviation is 22 15' W. Take from vertical line 22J , and from East on verticil 
line and on the dotted line passing through it, lay off the observed deviation to the left- 
deviation being W. ; and mark the point so determined with a dot or croas. 

4. Compass course S.E., observed deviation 23 30' W. Take from the vertical line a 
distance equal to deviation 23} , and from S.E. on the vertical line lay off on the dotted 
line passing through the same point the amount of deviation to the left — the deviation being 
W. ; make a dot. 

5. Compass course South, deviation 5° 30' E. Measure on the vertical line a distance 
equal to deviation 5J , and having found compass course South on the vertical line, lay off 
the amount of deviation on the dotted line which passes through it towards the right- 
deviation being E. ; and make a dot or cross. 

6. Compass course S.W., deviation 2 8° 35' E. From the vertical line take a distance 
equal to observed deviation 28 J°, and having found S.W. on the vertical line, lay off on the 
dotted line passing through that point the amount of deviation to the right— deviation being 
E. ; make a dot ox cross. 

7. Compass course West, observed deviation 19 15' E. Measure on vertical line a 
distance equal to deviation 19J , and having found oompass course West on the vertical line, 
lay off on the dotted line passing through that course the amount of deviation towards the 
right — deviation E. ; and make a dot or cross. 

8. Compass course N.W., deviation 3 o' E. Take from vertical line a distance equal to 
3 , and having found compass course, N. W., on the vertical line, place one foot of compass 
on that point and lay off on the dotted line passing through it the amount of deviation (3 ) 
towards the right — deviation E. ; and make a dot. 

9. Then, with a pencil and a light hand, draw a flowing curve, passing as nearly as 
possible through all the crosses or dots, and if satisfied with the curve in pencil, draw it in 
ink. 

Nan.— The learner should take a pair of dividers, and go through the above process on the diagrams here 
given (see Plate I). He should then take the blank diagram (see Plate II), and make the carve on it 

Ex. 2 . Construct a curve of deviations, using for the purpose the following 
observations : — (See Deviation Curve A in Diagram.) 



Ship's Head 

by 

Standard Oompass. 


Deviation. 

1 


Ship's Head 

by 

Standard Compass. 


« 
Deviation. 


TJJaflt 


i°i5'W. 
22 30 E. 
26 50 E. 
17 E. 


S.W 


i° 50' E. 
15 W. 

26 w. 

27 w. 




D*J2j« •••• •••••■ 


N.W 





The following describes the process of construction : — 

1. With a pair of dividers take from the central line a distance equal to deviation i° 15', 
or 1 J°, and from North on the vertical line, lay the distance off on the dotted line passing 
through that point and towards the left—being W. ; at the extremity of the distance make 
a dot or cross. 

2. Take from the vertical line a distance equal to 22J (22 30'), and lay it off on the 
dotted Una, from N.E, towards the right— being E. ; make a dot or cross. 



Deviation of the Compatt. 



H7 



3. Take from the vertical line a distance equal to 26$° (26 50'), and lay it off on the 
dotted line, from East towards the right— being E. ; make a dot or cross. 

4. Take from the vertical line a distance equal to 17 (17 o'), and lay it off on the dotted 
line, from S.E. towards the right — being E. ; make a dot or cross. 

5. From the vertical line take a distance equal to i{° (i° 50'), and lay it off on the dotted 
line, from South towards the right — the deviation being E. ; make a dot or cross. 

6. From the vertical line take a distance equal to 15 , and lay it off on the dotted line, 
from 8.W. towards the left — the deviation being W. ; make a dot or cross. 

7. From the vertical line take a distance equal to 2 6° and lay it off on the dotted line, 
from N.W. towards the left — deviation being W. ; make a dot. 

S. From the vertical line take a distance equal to 27°, and lay it off on the dotted line, 
from W. towards the left— deviation being W. ; make a dot. 

9. Repeat the admeasurement first made, from North, at the lower end of the vertical 

lias. 

10. Then, with a pencil and a light hand, draw a flowing curve, passing as nearly as 
possible through all the dots or crosses ; when satisfied that the ourve is good, draw it in 
ink. This is the curve of deviation. 

Ex. 3. Construct a curve of deviations, using for the purpose the following 
observations : — (See Deviation Curve £ in Diagram.) 



Ship's Head 

by 

Standard Compass. 


Deviation. 


Ship's Head 

by 

Standard Compass. 


Deviation. 


N.E 


o' 22' W. 

7 14 E - 
10 44 E. 

6 18 E. 


s.w 


o° 16' W. 

6 16 W. 
11 50 W. 

7 5» W* 


j East 


West 


1 
1 


N W 



Selecting those dotted lines which pass through the points representing the different 
directions of the ship's head, the deviations are laid off: thus, at North, we mark off 0J 
(o 9 22*) to the left on the dotted line passing through North —because deviation is West; at 
NJ2., we take 7$° from the vertical line, and lay it off to the right (deviation being E.) on 
the dotted line passing through N.E. ; at East, iof is taken from the vertical line and laid 
off to the right on the dotted line passing through East; and so with the others, being 
careful to remember that the known deviations must be laid down on the dotted lines, easterly 
to the right and westerly to the left of the vertical line. The curve is then drawn neatly 
through all the points so laid down, and it will be found that the deviation for any other 
point Uken from the curve corresponds with that taken from the Table of Deviations given 
st page 136 ; and the curve thus drawn can be used instead of the Table. 

240. How the Curve is used. — The curve of deviations having been com- 
pleted, the diagram affords a ready and convenient method of applying the 
deviation to the ship's course. This correction may be required as follows :— 
1st, from the compass course which has been steered, it may be required to 
find the correct magnetic course to be laid down on the chart ; or, 2nd, from 
the correct magnetic course given by the chart, it may be required to find the 
compass course on which the ship's head ought to be kept ; or, 3rdly, if one 
or more bearings of the land are taken, to correct these bearings by the 
amount of the deviation due to the direction of the ship's head at the time. 
The corrections are. given by the following rules. 
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241. To find the Deviation on any Compass Course. 

EULE LXL 

On the central lint find the given course ; then, with a pair of dividers, measure 
the distance from that point to where the curve cuts the dotted line passing through 
the course ; but if no dotted line proceeds from the course, then measure from the 
course on the central line to the curve in a direction exactly parallel to the nearest 
dotted lines : that distance measured on any part of the central line will give the 
deviation in degrees. 

EXAMPLB8. 

Ex. 1. What is the deviation on Compass Course N.E. by N. (a) for the deviation 
curve B ; (b) using the deviation A P 

(a) Having found the given course on the central line, with a pair of dividers measure 
the distance from N.E. by N. to where the curve cuts the dotted line proceeding from that 
point ; this distance taken to the central line gives 6° E. 

(b) Measuring with a pair of dividers the distance from N.E. by N. to where the 
curve cuts the dotted line proceeding from that point* the deviation measured on the 
vertical line is found to be 19° E. 

Ex. 2. Required deviation in compass course W.S.W., using deviation A. 

Find W.8.W. on the vertical line, measure the distance from that point to where the 
curve cuts the dotted line proceeding from it ; this distance taken to the vertical line gives 
deviation 21J W. 

Ex. 3. What is the deviation on compass course E.S.E., using deviation curve C ? 
Measure from E.S.E. on the vertical line to the point where the curve cuts the dotted 
lines proceeding from it ; this distance taken to the central line gives deviation 25 W. 

Ex. 4. What is the deviation for compass course N.E. J N., using the curve G P 

Take N.E. £ N. on the vertical line, and draw a faint pencil line parallel to the dotted 

lines until it meets the curve. The length of this line in degrees taken from the vertical 

line gives n£° W., the deviation for N.E. J N. 
Or thus : — Place one leg of a pair of dividers at N.E. £ N. on the central line, and from 

thence measure the distance to the curve in a directum exactly parallel to the nearest dotted 

lines ; this distance taken to the central line gives the deviation 12J W., the deviation for 

N.E. i N. 

Ex. 5. Find the deviation for Standard Gompass Course N. 84° W. t using deviation 
curve A. 

Through N. 84 W. on the vertical line draw a pencil line parallel to the nearest dotted 
line, so that it may cross the curve. 

Or thus : — Find N. 84 W. on the central line, and placing one foot of a pair of dividers 
on that point, from thence measure the distance in the direction of an imaginary line drawn 
parallel to the nearest dotted lines ; apply this distance to the central line, which shows the 
deviation for the ship's course is 26$° W. 

Examples fob Pbaotiob. 

Required the deviation for each of the following compass courses, using 
(a) the curve A, (>) the curve B, and (0) the curve C : — 

S.8.E. ; N.E. by N. ; N.W. ; N.W. by N. ; S.W. by W. ; W.N. W. ; South ; N. 48° E. ; 
S. 52 W. ; E. by S. i S. ; N. 41 W. ; and S. 38° E. 

For further exercises in this matter the learner may take the Table of 
Deviations given on page 1 56, and using the curve B, find the deviations for 
each of the 32 points of the compass; the results ought to agree pretty 
nearly with those given in the Table. 
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I Horx.— Persons may differ one or two degrees in their estimate of what constitutes a fair curve ; it is 

I therefore quite likely that students may find their answers differ a degree or two from those given in this 
i York. 



We have now the following easily applied solution of the two following 
problems : — 

Problem I. — From a Compass Course, to find the corresponding Correct 
Magnetic Course. 

KULE LXIL 

On the central line find the given Standard Compass Course, and move on the 
dotted line drawn from it, or in a direction parallel to the dotted lines till you 
reach the curve, and then move on a plain line, or in a direction parallel to the 
plain lines, till you get bach to the central line. The point on the central line 
at which you arrive is the correct magnetic course required. 

Nora.— The directions in the above role are easiest done by means of a pair of dividers. 
To move on the dotted line, or in a direction parallel to it, place one leg of a pair of dividers 
on the course, and the other leg at that point on the curve which is intersected by the dotted 
line proceeding from the coarse, or a point on the curve where a line included between 
the leg of the dividers on the central line and the leg on the curve shall be exactly parallel 
to the nearest dotted lines, then to return to the central line— keep the first leg of the 
dividers fixed and lift the other off the curve, move in a direction parallel to the plain 
lines until you reach the central line, the point where the dividers cut the central shows 
the correct magnetic course. 

Examples. 

Ex. 1. The course steered by standard compass is N.N.E. : what is the correct magnetic 
course to lay down on the chart (using the curve C in the diagram, Plate I.) 

Find the given compass course N.N.E. on the central line, then take a pair of dividers, 
pat one leg of the dividers on N.N.E., from which extend the other leg along ihe f dotted line 
pttring through the point till the curve is reached, then keeping the leg on the central 
fixed, move the one off the curve, and then return to the central line in a direction parallel 
to the plain line ; it will be found to intersect it at N. 13J E., or N. by E. J E., nearly, 
tiia required correct magnetic course. 

Ex. 2. The course steered by compass is N.E. by N. : required the correct magnetic 
course (using curve A, Plate I.) 

Follow the dotted line extending from N.E. by N. to where the curve cuts it, by placing 
one leg of a pair of dividers on the course found on the central line and the other at the 
point where the dotted passing through N.E. by N. cuts the curve, then keeping the leg on 
the central line fixed, lift the other from the curve and move in the direction of the nearest 
bowlines till the central line is reached ; then the correct magnetic course will be found to 
he N. 52 E., or N.E. } E., nearly. 

Ex. 3. The course steered is S.S.W. : required the correct magnetic course (using curve 
C, Hate L) 

Having found the compass course S.S.W. on the vertical line, place one leg of the 
dividers on the course and the other on the place where the dotted proceeding from it is 
intersected by the curve, then keeping the leg on the central line fixed, return with the 
other leg to the central line in a direction parallel to the plain line, it will be seen that the 
*mct magnetic course is S.W. £ W. 

Ex. 4. Compass course W.S.W. : what correct magnetic course does this give on the 
curve A of deviations, Plate I P 

From W.S.W. on the central line follow the dotted extending from that point until it 
reaches the curve, then keeping the leg of the dividers on the central line fixed, move the 
other that is placed on the ourve, in a direction parallel to the plain line, until it outs the 
central line, which ahows the correct magnetic course S. 47 W., or S.W. J W. 
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Ex. 5. The course steered by compass is S.E. J E. : required the corresponding correct 
magnetic course (using curve C, Plate I.) 

Place one leg of the dividers on S.E. \ E. on the central line, and the other leg on the 
curve, being careful to keep the two points of the dividers exactly parallel to the nearest 
dotted lines, then lift the leg off the curve and return to the central line, the place where 
this last line intersects the central line, shows the correct magnetic course to be 8. 75$° E., 
or E. by 8. J 8. 

Ex. 6. Given the standard compass courses N. 3 8° EL and S. 49° W. : required the 
correct magnetic courses (using the A deviation curve, Plate I.) 

Having found the standard compass course N. 38 E. on the central line, place one leg 
of the dividers on that spot and move the other leg out in a direction parallel to the nearest 
dotted line until it meets the curve ; then, keeping the leg which is on the central line 
fixed, move the other leg in the direction of the plain lines until it returns to the central 
line. The point arrived at shows the correct magnetic course is N. 5 8° E., nearly, or 
K.E. byE. JE. 

In a similar manner the correct magnetic course is found to be S. 33° W. 

Examples fob Practice. 

In each of the following examples the compass course is given to find the 

corresponding correct magnetic course, using curve A, curve B, and curve G. 

Curve A.— N. 41 W. ; N. 65 30' E. ; 8. 38 E. ; 8. 79 W. ; West; N.B. ; S.E. } E. ; 
8. 89° 30' W. ; N.N.W. ; 8.8. W. 

Curve B.— N. 47 J° W. ; N. 76 E. ; 8. 26J E. ; 8. 68 J° W. ; S. 78 W. ; N. s*i 9 E.; 
8. 43 E. ; 8. 78 W. ; N. 27 J° E. ; and 8. 20 W. 

Curve C.— N. 39 W.; N. 48 E.; 8. 50 E. ; N. 78 W.; N. 70- W,; N. 31^° E.; 
8. 76 E. ; N. 70J W. ; N. 26 W. ; and 8. 47 W. 

Problem II. — From a given Correct Magnetic Course to find the cor- 
responding Compass Course. 

EULE LXIIL 

On the vertical line take the given correct magnetic course, and move on the plain 
line drawn from that point or in a direction parallel to the plain lines till you 
arrive at the curve ; and then move on a dotted line, or in a direction parallel to 
the dotted lines till you get back to the vertical line. The point on the central 
line at which you arrive is the compass course required.* 

Examples. 

Ex. 1. Given correct magnetic course N.N.E. to find the corresponding compass course 
(using curve C.) 

Find N.N.E. on the central line, and placing one leg of the dividers on the spot, extend 
the other leg to the spot where the plain line proceeding from N.N.E. meets the curve ; then 
keeping the leg on the central fixed, lift the one on the curve and return to the central line 
in a direction parallel to the dotted line, it will he found to intersect at N.E. by N., the 
required course by standard compass. 

* The only difficulty in applying these rules is to remember in each case whether we 
ought to depart from the central line by a dotted line, and return to it by a plain line; or 
whether we ought to depart from the central line by a plain line and return to it by a dotted 
line. The doubt will be removed if the following lines, in which the two lines are versified, 
are committed to memory : — 

" From compass course magnetic course to gain, 
Depart by dotted and return by plain." 

II. 
" But if you wish to steer a course allotted, 
Take plain lrom chart and keep her head on dotted." 
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Ex. 2. What compass coarse will make correct magnetic S.E. (using A curve). 

Find S.E. on the central line, put one leg of the dividers on the spot and the other leg on 
the curve where the plain line that passes through S.E. cuts the curve ; then keep the leg 
that is on the central line fixed, lift the other leg off the curve and move it in the direction 
of the nearest dotted till it again touches the central line ; the compass course that makes 
comet magnetic S.E. is shown on the central line to he S. 67 J° E., or E.S.E. 

Ex. 3 It is found from the chart that the correct magnetic course from the ship's position 
at noon to the Start Point is N. 86° E. What course must he steered by Standard Compass 
(using C curve) P 

Find the correct magnetic course N. 86° E. on the vertical line, place one foot of the 
dividers on the spot, then follow thence, with the other leg in a direotion parallel to the nearest 
plam Hue until it meets the curve, and then return with the other leg to the central line in 
a direction parallel to the dotted line ; the compass course required is S. 69 J° E. 

Ex. 4. Required the compass course to make correct magnetic W. by N. (using A ourve). 

Find compass course W. by N. on the central line, put one leg of the dividers on W. by N. 
and the other on the curve where the plain line that passes through W . by N. cuts the curve ; 
then keep the leg that is on the central line fixed, but lift the other off the curve and move 
it in the direction of the dotted line till it again touches the central line ; it will then be 
seen that the compass course that makes correct magnetic W. by N. is N. 51 W., or 
N.W. i W. 

Ex. 5. If the magnetic course required is N.W. by N., required the compass course on 
the C curve. 

Find N.W. by N. on the central line ; place one foot of the dividers on the spot, and the 
other foot on the place where the plain line proceeding from N.W. by N. meets the curve ; 
then keeping the foot that is on the central fixed, return to the central line with the other 
leg in a direction parallel to the dotted line ; it will be found to intersect at N. 32 J° W., the 
required course by Standard Compass. 

Ex. 6. Given the correct magnet io courses N. 64° E. and N. 85 W. to find the Standard 
Compass course, using the C deviation curve. Plate I. 

Find N. 64 E. on the central line; place one foot of the dividers on the point and the 
other on the curve, being careful to keep both legs of the dividers exactly parallel to the 
nearest plain line ; keep the foot of dividers that is on the central line fixed and move the 
other in the direotion of the nearest dotted line till it meets the central line ; the point of 
intenection in this instance is N. %si° E - 

In a similiar manner the Standard Compass course corresponding to correct magnetic 
ooune N. 85 W. is found to be S. 70 W. 

Examples fob Practice. 

In each of the following examples the correct magnetic course is given to 

find the compass course, using curve A, curve B, and curve 0. 

Curve A.— 8. 73 30' W.; N. 42° 15' E. : S. 15030' W.; N. i4 i5'E.; N. 62 45' E. 
E. i S ° 8. ; W. 45 S. ; N.E. by N. ; W.S.W. 

Curve B.-S. 85°W.; N. 36J E. ; S. 18 W.; N. 12$° E.; N. 54|°E.; S. 85J E. 
8 - 53° W. ; N. 29 E. ; and W. by S. 

Curve C.— 8. 44 W. ; N. sH* E. ; 8. 5° W, ; N. 24 E. ; N. 83 E. ; S. 50 R ; S. 22° W. 
N.E. J E. ; and S. W. * 8. 

We shall now proceed to show the application of the foregoing rules to 
Questions 7, 8, 9, and 10 of List B, which contains the questions on the 
Deviation of the Compass required of Candidates for Certificates as Master 
Ordinary. 
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Question 7. List B. 

242. Given the bearings of a distant object by Standard Compass on eight 
equi-distant* points to find the Correct Magnetic Bearing of the distant objectf 
and thence the Deviation. 

EULE LXIV. 

i c . If the Compass bearings are all of the same name, i.e., if they are aU 
reckoned from N. or S. towards E. or W. : 

Take the sum of the Bearings in each column then add these sums together, 
and divide by 8 ; the result is the Correct Magnetic Bearing of the distant 
object. 

* 2°. If the Compass Bearing be of different names : 

(a) If some of the Bearings are reckoned from North and the others from 
South: 

Take either Bet from 180 , and they will all be reckoned from the same point 
North or South ; the name as to East or West remains unaltered. 

(b) If some of the Bearings are towards the East and others towards the 
West : 

Find the sum of these which are reckoned towards East ; and also the sum 
of those which are towards the West ; then take the less from the greater, 
and mark the difference of the same name as the greater ; the result divided 
by 8 gives the Correct Magnetic Bearing of the distant object, which is of 
the same name as the difference. 

Note. — On the form given at the Marine Board Examinations there is not sufficient space 
to perform the last mentioned addition and division : there is only room to find the first 
two sums ; the rest, however, can be finished in the margin. 

3°. To find the Deviation for each of the given Courses.— (0) If the 
Correct Magnetic and Compass bearings are of like names : 
Take their difference. 

(b) If one is reckoned from North and the other from South, first take 
the Correct Magnetic bearing from 180 and the remainder will have the same 
name as the compass bearing, then take the difference between the Correct 
Magnetic and Compass Bearings. 

(0) ^ both bearings are from North or both from South, but one is to- 
wards East and the other towards West, take their sum : 
The difference or sum will be the deviation. 

4° To name the deviations. — If the Correct Magnetic bearing is to the 
right of the Compass Bearing the deviation is East, but if to the left it is West. 



* The 8 equi-distant points are the 4 cardinal points and the four quadrantal points, viz. : 
N.W., S.W., 8.E., and N.E. 

t The Correct Magnetic Bearing thus found is not strictly accurate ; it -will differ from 
the correct quantity by what is called the co-efficient A. The co-efficient A is found by 
adding the Deviations'falgebraically), — that is, add together the Westerly deviations, also 
add the Easterly deviations together, and take the less from the greater, and mark the 
difference of the same name as the greater, — and divide by 8. This, however, is not re- 
quired to be understood by Masters Ordinary, although it is required for Masters extra. 
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EXAMPLE I. 

In the following Table give the correct magnetic bearing of the distant 
object, and thence the Deviation. 



1 

Ship's head 
br 
1 Standard 
1 Compass. 

1 


Bearing of 

Distant Object 

by Standard 

Compass. 

8. 4*° W. 

f- 59 S' 
8. 64 W. 

8. 60 W. 


Ship's Head 
Deviation by 
Required. Standard 
Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


North .... 

East , , 

| SJB. . 


1 


South «... 
8.W 

N.W 


8. 46°W. 
8. 25 W. 
8. 18 W. 
8. 23 W. 





Hot*.— The above is the form in which the Table is given at the Local Marine Board Examinations. The 
Ittte is printed, excepting the columns of Bearings, which the Examiner fills up in writing. The following 
is tat above example worked :— 



Ship's Head 

by 

Standard 

Compass. 



North 
N.E. 
East 
S.E. 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



• . • • 1 



. . a . • • 



8. 4i°W. 
8. 59 W. 
S. 64 W. 
8. 60 W. 



i # E. 
17 W. 
22 
18 



w. 



Ship's Head 

Standard 
Compass. 



Sonth . . . 

s.w 

West 

N.W 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



8. 46°W. 
8. 25 W. 
8. 18 W. 
8. 23 W. 



3°W. 
17 E. 
24 E. 
19 E. 



8. na° W. 



8. 224°W. 
8. 112 W. 

8. 42° W. = Correct magnetic bearing of distant object. 

Here we first add together the eight given bearings of the distant object, making 336 . 
md divide the sum by 8, giving as the result 8. 42 W.— the correct magnetic bearing of 
the distant object. 

We next take the difference between the correct magnetic bearing thus obtained and 
«ch bearing given in the table ; thus, with the ship's head at North, the bearing by com- 
pel ia 8. 41° W. and the difference between this and the correct magnetic bearing 8. 42° W. 
» i°, and because the correct magnetic bearing is to the right hand of the standard compass 
hearing the deviation is East. Again, with the ship's head at N.E., the compass bearing is 
8. 59 W. y and the difference between this and the correct magnetic bearing 8. 42 W. is 17 
bit now the correct magnetic bearing is to the left of the compass bearing, hence the devia- 
te is West, and so on with the remaining bearings, and the work will stand as follows : 

Ship's Head. N. N.E. East 8.E. 

Comet mag. bear. 8. 42° W. 8. 42°W. S. 42° W. 8. 42° W 

8tandard com. bear. 8. 41 W. 8. 59 W. 8. 64 W. 8. 60 W. 



Deviation 

Ship's head. 
Correct mag. bear. 
Standard com. bear. 

Deviation 



1 E. 

8. 

8. 42°W. 
8. 46 W. 

4 W, 



17 W. 

8.W. 

8. 42 W. 
8. 25 W. 

17 E. 



22 W. 

West. 

8. 42°W. 
8. 18 W. 

24 E. 



18 W. 

K.W. 
8. 42 W. 
8. 23 W. 

19 E. 



'on.— In the 'above work, the deviations are obtained by subtracting the less bearing from the greater 
tause they are all of the same name (See Role LZTV, 3° and 4°, page 162. ) 
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Question 8. List C. (See Eule LXIII, Problem II, page 150.) 

From the above table construct a Napier's Curve, and give the courses you would steer 
by standard compass to make the following courses correct magnetic : — 

(1.) S.E. (2.) N.E. J E. (3.) 8. io° W. (4.) E. j N. 

To Construct the Curve from the Table. — With a pair of dividers take from the 
central line i°, the deviation for ship's head North ; and lay it off from North, on the 
central line along the dotted line passing through the given point, and towards the right — 
being East ; at the extremity of the distance make a dot or cross. Next take 17° from the 
vertical line, and with one foot of the dividers on N.E. on the vertical line, lay off this dis- 
tance on the dotted line passing through the given point and to the left, because the devi- 
ation is West. Proceed in like manner with the deviation 22° W. at East; with 18 W. 
the deviation at S.E. ; and with 4 W. the deviation at South. The deviation at S.W., 
West, and N.W. being easterly, must be applied to the right of the vertical line along the 
dotted lines proceeding from those point. Now draw with a pencil a curve passing as nearly 
possible through the points found, and when satisfied with its uniformity, draw it in ink. 

To find the Standard Compute Course. — (r.) Place one leg of a pair of dividers on S.E. on 
the central line, and the other leg on the point where the plain line extending from S.E. is 
out by the curve ; then keep the first leg fixed and lift that on the curve, moving it in a 
direction parallel to the nearest dotted line, towards the central line ; the compass course 
that makes correct magnetic S.E. is shown on the central line to be S. 29 E., or 8.S.E. £ E., 
(easterly.) 

(2.) Take N.E. } E. on the central line, then placing one leg of the dividers on that spot, 
extend the other leg from thi& point and parallel to the nearest plain line until it cuts the 
curve ; then keeping the first leg fixed, move the one on the curve parallel to the nearest 
dotted line and towards the central line ; the compass course that makes correct magnetic 
N.E. \ E. is shown on the central line to be E. by N. f N. 

(3.) Place one leg of the dividers on S. io° W. on the central line, and extend the other 
leg parallel to the nearest plain line, and to the right until it meets the curve ; then keeping 
the leg on the central line fixed, move the leg on the curve thence parallel to the nearest 
dotted line until it arrives at the central line, which shows that the compass course to be 
steered is 8. 9 W. f nearly, in order to make S. io° W. correct magnetic. 

(4.) E. J N. is found on the central line, and one leg of the dividers being placed on the 
point, move the other leg to the left from that spot and parallel to the nearest plain line 
until it is cut by the curve ; from thence, keeping the first leg fixed on the central line, 
move parallel to the nearest dotted line till the central line is reached ; the compass course 
that makes correct magnetic E. J N. is shown on the central line to be S. 72 E. 

QUE8TION 9. Ll8T B. 

Suppose you steer the following courses by the Standard Compass, find the correct mag- 
netic courses from the curve drawn :— (See Problem I, Rule LXII, page 149.) 

(1.) S.8.E.£E. (2.) 8.{W. (3.) E.byN. J N. (4.) N.JW. 

(1.) With one leg of the dividers on S.S.E. } E. on the central line, move the other leg 
on a line to the left and parallel to the nearest dotted line until it cuts the curve ; then 
keeping the first leg fixed, move the leg on the curve from thence parallel to the nearest 
plain one and towards the central line ; the correct magnetic course is at once seen to be 
8. 45* E. 

(2.) Placing one leg of the dividers on S. } W. on the central line, move the other leg 
on a line to tho right, parallel to the nearest dotted line and cutting the curve ; from thence, 
keeping the first leg fixed on the central line, move in a direction parallel to the nearest 
plain line until the central line is reached ; the correct magnetic course is thus shown to be 
S. io° W. 
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(3.) Take the point on the central line representing E. by N. { N., place a leg of the 
dividers on that point and move the other leg in a direction parallel to the dotted lines, and 
alter meeting the curve, return parallel to the plain lines, until the vertical line is again 
niched; the correct magnetic course is thus found to be N. 48 J° E. 

(4.) One leg of the dividers being fixed on N . JW. found on the central line, move the 
other leg in a direction parallel to the dotted lines till the curve is reached ; and from thenoe 
returning to the central line in a direction parallel to the plain lines, we find cornet 
magnetic course is North. 

Question 10. List B. 

Given the Bearings of two (or more) distant objects by the Standard Com- 
pass and also the Azimuth of the Ship's Head ; required the correct magnetic 
bearing of these objects. 

EULE LXV. 

i°. Find the Deviation corresponding to the direction of the ship's head, 
iakiny it from the Napier's Deviation Curve. (See Rule LXI, page 148). 

2 . Apply the Deviation thus found to the Bearing of distant object by Stan- 
dard Compass, according to Eule LIX, page 1 36, viz. : West Deviation to the 
left handy East Deviation to the right hand. 

The following bearings of distant objects have been taken by the Standard Compass as 
above; with the ship's head as given, find the correct magnetic bearing. 



1. 
2. 



Ship's Head. 



Compass Bearing. 



West 



•••••«•• 



East. 
E. by a. J 8. 



3- 
4- 



Ship's Head. 


Compass Bearing. 


E.JN 

ri.E. £ £1 • • • • • 


N.|W. 
W.JS. 



On the central line find the given course, West, and with a pair of dividers measure the 
dis t ance from the point to where the carve cuts the dotted line proceeding from the course ; 
this distance taken to the vertical line gives deviation 24 E. for ship's head at West. 

We next apply the deviation to East — the bearing of distant object by standard compass 
—allowing it to the right hand ; whence the correct magnetio bearing of distant object is 
8. 66" E. 

Again, ship's course S.S.E. is found on the central line ; with dividers measure from 
thence to where the dotted line proceeding from given course is cut by the deviation curve ; 
this distance, taken from the central line, gives deviation 13° W. 

The standard compass bearing of distant object taken when ship's head was at S.3.E. is 
E. by S. J 8., or 8. 7 6° E., to which apply deviation, found as above, to the left hand : the 
remit is the correct magnetic bearing 8. 89° E. 

E. f K. is found on the central line ; then from this spot measure the distance to the curve 
in a direction parallel to the nearest dotted line ; and apply this to the central line which 
shows the deviation due to E. J N. — the direction of the ship's head — to be 22^° W. 

Apply this deviation to compass bearing N. f W., or N. 8° W., to left hand, which gives 
correct magnetic bearing of distant object N. 30 J° W. 

N.E. \ E. is the next given direction of the ship's head, which being found on the central 
line, place one leg of the dividers on the spot and move the other leg out in a direction 
parallel to the nearest dotted line until it meets the curve ; this distance, taken by the dividers 
and applied to the central line, shows deviation for ship's head N.E. J E. to be 18 W. 

The deviation thus found being applied to the left hand of W. \ S., or 8. 87* W., gives the 
correct magnetic bearing of distant object S. 69° W. 
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EXAMPLE n. 

I. In the following Table give the correct magnetic bearing of the distant object, and 
thence the Deviation : — 



>' ' ' 



(Correct Magnetic Bearing of distant object = N. 89* 4' W.) 



•^ 



1 



\ ^ : 






Ship's Head 

Standard 
' .Compass. 


Bearing of 

Distant Object 

by Standard 

Oompaas. 


Deviation 
Required. 


Ship's Head 

by 

Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Oompaas. 


Deviation 
Required. 


North .... 
JN.Ej. ..••.. 

S.E. •••••. 


8. 87* W. 
8. 70 W. 
S. 71 W. 
8. 81 W. 


1 

3°E. 
21 E. j 
20 E. 
10 E. 


South .... 
NW 


N. 87° W. 
N. 75 W. 
N. 68 W. 
N. 7a W. 


2°W. 

14 w. 

ai W. 
17 W. 



8. 310 W. 
8.418 W- 

8)728 



N. 302 W. 

(i8o°X 4) = 7*° 

W. 

8. 418 



8. 91 W. = Correct Magnetio Bearing. 
180 

or, N. 89 W. 



In this example the bearings given in the left hand column are reckoned from 8. towards 
W., while the bearings in the right hand column are reckoned from N. towards W. ; there- 
fore, before adding up the latter column, each bearing must be subtracted from 180°, and 
the remaider, in each case, is the bearing reckoned from 8. toward W. We may, however, 
proceed as above, viz. :— add np the Bearings reckoned from N. towards W. ; and since there 
are four bearings so reckoned (from N. towards W.) ; take the sum from 720 (180 X 4) ; the 
remainder is the sum of the bearings to be reckoned from 8. towards W. It is evident that 
to subtract the sum of the four bearings from 720 is the same thing as to subtract each 
bearing from 180 and to add the remainders. 



Ship's Head. 


N. 


N.E. 


East. 


S.E. 


Correct magnetic bearing 
Compass bearing 


8. 91 W. 
8. 88 W. 


8. 91* W. 
8. 70 W. 


8. 9i°W. 
8. 71 W. 


8. 91 W. 
8. 81 W. 


Deviation 


3 E. 


21 E. 


ao E. 


10 E. 


Ship's Head. 


South 


S.W. 


West 


N.W. 


Correct magnetio bearing 
Compass bearing 


N. 89°W. 
N. 87 W. 


N. 8 9 °W. 
N. 75 W. 


N. 89°W. 
N. 68 W. 


N. 89°W. 

N. 72 W. 



Deviation 



W. 



14 W. 



21 W. 



17 w. 



II. From the above Table construct a Napier's curve, and give the courses you would 
steer by standard compass to make the following courses correct magnetic : — 

(1.) W. by 8. 1 8. (2.) N. J E. (3.) E.fN. (4.) 8.E. J 8. 
An$u»n:— (i.) West. (2.) N. i° E. 3. N. 6o° E. (4.) 8. 49* E. 

III. 8uppose you steer the following courses by standard compass, find the correct mag- 
netic courses from the curve drawn :— 

(1.) North. (2.) 8.S.W. J W. (3.) E. byS. i 8. (4.) N.E. \ E. 
Armctrs ;—(i.) N. 3 E. (2.) 8. 15 W. (3.) 8. 59 E. (4.) N. 71 E. 
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IV. Yon have taken the following bearings of a distant object by your standard compass 
u above; with the ship's head as given, find the correct magnetic bearing. 



Ship's Head. 


Compass Bearings. 


Ship's Head. 


Compos Bearings. 


8.j_W 

N.W. by W. 


i 
South. 

E.JN. 


N.N.E. #E. .. 


S.W. J S. 
E.JS. 



Oonm,Bear. 8. = S.o° 

Der. for 8. f W. is 5jL.ofS. 

5$L.ofS. 

Correct Mg. Bear. S. 5 J E. 

E.J6. = 87°L.ofS. 
8JE. = 10} K. 

76J L. of S. 

8. 76} E. 



I. From the following Table 
thenoe the deviation : — 



E J N. = 82 R. of N. 
N.W. by » Tft T 
W.givij ^ L ' 

63B.ofN. 

or, N. 63 E. 



S.W. i S. = 42 R. of S. 

60 J R. of S. 
or, S. 60J W. 



EXAMPLE in. 
Question 7. List B. 
find the correct magnetic bearing of the distant object, and 



1 

Ship's Head , Bearing of 
by Distant Object 
Standard , by Standard 
Compass. Compass. 


1 

Deviation 
Required. 

1 


Ship's Head 

Standard 
Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


1 

North .... N. i°E. 

N.E N. 13 W. 

East N. 15 W. 

, 8JE | N. 8 W. 


1 

1 


1 Sonth .... 
S.W. «... 
West .... 
N.W\ .... 


N. 3 °W. 
N. 1 E. 
N. 9 E. 
N. 12 E. 





In this example some of the bearings are towards East and the others towards West ; we 
therefore write down in one column those which are reckoned towards East, and add these 
up; we likewise write down in another column those which are reckoned towards West, 
•ad add up this column ; the less sum being subtracted from the greater gives as a remainder 
H. 12 & W., which divided by 8 gives N. i° 30' W. for the correct magnetic bearing : the 
work will stand thus : — 

Ship's Compass 

Head. Bearings. 

N.E. N. i3°W. 



Ship's 
Head. 
North 



Compass 
Bearings. 



S.W. 
West 
N.W. 



N. i°E. 
N. 1 E. 
N. 9 E. 
N. 12 E. 

N. 23 E. 



East N. 15 W. 

S.E. N. 8 W. 

South N. 3 W. 

N. 39 W. 
N. 23 E. 

8) N. 16 W. 

Correct magnetic bearing is N. 2 W. 

The deviation for each position of the ship's head is next to be found, and we proceed as 
follows:— 

8hip'sHead. North N.E. East. S.E. 

Correct magnetic bearing N. 2°W. N. i°W. N. 2 8 W. N. 2°W. 

Compass bearing N. 1 E. N. 13 W. N. 15 W. N. 8 W. 



Deviation 



3 W. 



11 E. 



13 E. 



6 E. 



Deviation of tie Compost. 



Shtp'a Head. 
Correct magnetic boa; 
Compass bearing 



South. 8.W. Wert. N.W. 

N. a*W. N. »'W. N. i*W. N. i a W. 

N. 3 W. N. i E. N. 9 E. N. 12 E. 

Dsviation 1 E. 3 W. 11 W. 14 W. 

QuEsnoir 8. List B. 

From the above Table construct a Napier's curve, and give the courses yon will steer by 
standard compute to nuke the following courses, correct magnetic. 

I. N.E. $ E. 2. W.S.W. 3. N.N.W. 4. S.8.E. 

5. N.N.E. 6. 8. i8J W. 7. N. 4 E. 8. 8. 6i)° E- 



-1. N. 4o°E. 2. 8. 76" W. a. N. i 4l °W. *. 8. 16'E. 
6. N. iS°E. 8. 8. i 9 'W. 7. N. 5 E. 8. S. 73- E. 

Question 9. List B. 



1. E. by 8. J 8. 2. E. J N. 3. S. i;° W. *. N. i°E. 

For the Bole lor waiting thin (Juwtion, h Problem I, Bute LXI1, page 149. 

Anno*-.— 1. 8. 6si E. 2. N. 84I E. 3. N. 74J W. 1. N. tj W. 

Question to. Liar B. 

Too have taken the following bearings of distant objects by your standard COmpaM u 
above, with the ship's head as given, find the correct magnetic bearing!. (See Role LXI, 
page i 4 g). 



Ship's Head. Compass Bearing. ' Ship's Bead. - Compass Bearing. 


BE. by E 


N. 68'E. S.S.W. JW. ..1 N. 4"E. 



I 



S.E.byE.givesI 7 * " m gives .. I "' gires f '* "" gives .. f erB " 

Comp. bear. K. 68 E. S. 54 W. N. 4 E. houth o 

CorT.mg.br. N./si E. S. 43 W. N. 1} E. Soath 

V.T 1 KP UB FOB ElEROIBK. 

ExAMrLB I. 



Bhip'sHead 


Distant Object 
by Standard 


Deviation 


Ship's Head 
Standard 


DUtantObject | Deviation 
by Btandard 1 Required, j 


North .... 
East 


N.6cfW. 
N. 3o W. 

N. £4 W. 
N. 78 W. 




South .... 
S.W 
West .... 

N * 


N.M'W. 
N. S 3 W. i 

N.41 W. 1 
N.41 w. 



aw.— Correct Magnetic Bearing of Distant object is N. 6}° ' 
Sons:— 3*W.; 17* E.; it° E.; ij'E.; 3°E.; io'W.; 3 



Deviation of the Compass. 
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IL From the Table construct a Napier's Carve (a) ; and give the courses you would steer 
by the standard compass to make the following courses correct magnetic : — 

(i.) N. by E. (2.) S.W. i W. (3.) E. ± N. (4.) N.N.W. (5.) E.S.E (6.) S.W. } 8. 
(7.) N.JE. (8.) W.J 8. (9.) N. } W. (io.)S. JW. (11.) E. J 8. (12.) E.N.E. 

For the method of constructing the Curve see No. 239, page 145; and for the Rule for 
finding the correct magnetic course see Problem II, Rule LXIII, page 150. 

J*i«r;-(i.) N. 8J°E. (2.) S.65£°W. (3.) E.N.E. (4.) N. i2°W. (j.) S.88°E. 
(6.) 8.5CW. (7.) N, 3}°E. (8.) N. 75°W. (9.) North. (10.) 8. 1° E. 
(11.) N.72j°E. (12.) N.49JE. 

m. 8uppose you have steered the following courses by standard compass, find the correct 
ntgnetic courses from the curve drawn : — See Problem I, page 149. 

(1.) N.E.byE. (2.) E.S.E. (3.) S.W. by 8. (4.) gouth. (5.) 8.E. J S. 
(6.) W.byN. *N. (7.) S.JW, (8.) E. } N. (9.) W.fS. (10.) N.E.byE.JE. 
(11.) N.W. |N. (12.) S.WjW. 

Jnw*r:-(i.) N.7 5 }°E. (2.)8. 49 J E. (3.) 8. 2 7 J° W. (4.) 8. 4 °W. (5.)S.26'E. 
(6.) 8.86'W. (7.) S. 5 J°W. (8.) 8. 77|E. (9.) 8. 62 W. (10.) N.82°E. 
(11.) N.6o°W. (12.) 8. 4 if°W. 

IV. You have taken the following bearings by your standard compass as above ; with 
the ship's head as given, find the correct magnetic bearings : — 



Ho. 


Ship's Head 


Bearing of Distant 

Object by Standard 

Compass. 


; No. 

1 6 

1 6 

is 


Ship's Head. 


Bearing of Distant 

Object by Standard 

Compass. 


1 
2 
3 


yw .N.w. •••••• 

N.E. byN 

E. by 8. J 8 . . . . 


South. 

N.W. by N. 
North. 

N.N.W. 


N. JE 

W.byN.JN. .. 
E.JN. ... 


S. ±E. 

E. J 8. 

E.JN. 

W. by 8. J 8. 


* 


E.JS 



Jniu>tr:-(i.) Corr. mag. bear. 8. 24 E. (2.) N. i7°W. (3.) N. i4°E. (4.) N.3°W. 
(5.) &3$E. (6.) N.72°E. (7.) S. 72°E. (8.) N. 84 W. 

Example II. 

Ex. L From the following table find the correct magnetic bearing of the distant object 
tad thence the deviation : — 



L 



Ship's Head 

by 

Standard 

Compass. 



North . . . 
N.E. 

East. ... 
S.E. • . . 



Bearing of 

Distant Object 

by Standard 

Compass. 



N. 42 W. 
N. 17 W. 
N. 9 W. 
N. 17 W. 



Deviation 
Bequired. 



Ship's Head 

by 

Standard 

Compass. 



South . . . 

S.W 

West . . . 
N. W. ... 



Bearing of 

Distant Object 

by Standard 

Compass. 



N. 44° W. 
N. 68 W. 
N. 76 W. 
N. 64 W. 



Deviation 
Bequired. 



Answer ; — Correct magnetic bearing N. 42 W. 

Deviation o° ; 25 W. ; 33 W. ; 25 W. ; 2 E. ; 16 E. ; 34 E. ; 22 E. 

IL From the above Table construct a Napier's curve and give the courses you would 
star by standard compass to make the following courses correct magnetic : — 

1. N.W. JW. 2. S.E. iS. 3. E. J 8. 4. W. }8. 

4nmr>-l. N. 84°W 2. 8. 24 E. 8, 8. 58 E. 4. &. stf W. 



i6o 



Deviation of the Compass. 



HI. Suppose yon steer the following courses by standard compass, find the correct mag- 
netic course from the curve drawn : — 

1. W. byN. fN. 2. South. 3. E. by N. J N. 4. N. bjE. fE. 
Answer ;— 1. N. 39° W. 2. S. 1J 9 W. 8. N. 43 J° E. 4. N. 7 E. 

IV. You have taken the following bearings of distant objects by your standard compass 
as above ; with the ship's head as given, find the correct magnetic bearing : — 



Ship's Head. 



Bearing of Distant 

Object by Standard 

Compass. 



Ship's Head. 



S.E 

E. by S. 



N. byE. JE. W. by 8. J 8... 
N. by W. }W. N.E. JE 



Bearing of Distant 

Object by Standard 

Compare. 



E.|N. 
8.W. f 8. 



Answer .-—Deviations 25 W. 32 W. ; 3a E. ; 26} W. 

Correct magnetic bearings N. 8o° W. ; N. 52 W. ; S. 64 E. ; S. io° W. 

Example HE. 

I. From the following Table find the correct magnetic bearing of the distant object, and 
thence the deviation : — 



Ship's Head 

Standard 
Compass. 

North . . . 

N.E 

East 

S.E 



Bearing of 

Distant Object 

by Standard 

Compass. 



N. 13° W. 
N. 35 W. 
N. 41 W. 
N. 35 W. 



Deviation 
Required. 



Ship's Head 

Standard 
Compass. 



South 
S.W.. 
West 
N.W. 



Bearing of 

Distant Object 

by Standard 

Compass, 



N. 23°W. 
N. 2 W. 
N. 5 E. 
North. . . . 



Deviation 
Required. 






Answer : — Correct magnetic bearing, N. 1 8° 6' W. 

Deviations :— 5 W. ; i7°E.; 23°E.; i7°E.; 5°E.; i6°W.; 23°W.; i8 3 W. 

II. From the above Table construct a Napier's curve, and give the oourses you would 
steer by standard compass to make the following courses correct magnetic : — 

1. N.JW. 2. E. J 8. 3. N.W. by W.J W. 4. W. J 8. 

Answer :— 1. North. 2. N. 73 E. 3. N. 44 W. 4. N. 71 W. 

HI. Tou have steered the following oourses by standard compass; find the correct 
magnetic oourses from the curve drawn : — 

1. E. JN. 2. S.E. JE. 3. N. } W. 4. S.W. J S. 
Answer:— 1. 8. 72J E. 2. 8. 35 E. 3. N. 16J W. 4. 8. 27 W. 

IV. You have taken the following bearings of distant objects by your standard compass ; 
with the ship's head as given below, find the correct magnetic bearing : — 



Ship's Head. 



S. W. j »•••••« 
North 



Bearing of Distant 

Object by Standard 

Compass. 



E. t S. 
S.E. I S. 



Ship'* Head. 



N.E.JN 

E. by 8. J 8. 



Bearing of Distant 

Object by Standard 

Compass. 

W.J 8. 
E.JS. 



Answer .—Deviations 1—14° W. ; 5 W. ; 16 E. ; 22 E. 

Correct magnetic bearings, N. 84 E. ; S. 42 E. ; N. 77 W. ; 8. 6$° E. 



Deviation of the Compos*. 
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Example IV. 

I. From the following Table find the correct magnetic bearing of the distant object, 
and thence the deviation. 



Ship's Head 

Standard 
Compass. 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



Ship's Head 

Standard 
Compass. 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



North .. 
NE. .... 

Eait 

O.K. . . . . 



N. 87°E. 
X. 71 E. 
N. 70 E. 
N. 82 E. 



South 
S.W. . 
West, 
N.W. 



S. 88° E. 

S. 81 E. 

S. 73 E. 

S. 76 E. 



Answer : — Correct magnetic bearing, N. 89 s E. 
Deviations :—2° E. ; i8°E.; 19° E.; 7 E. ; 3 W.; io 8 W.; i8°W.; 15 W. 

II. From the above Table construct a Napier's carve, and give the course yon would 
steer by standard compass to make the following courses correct magnetic : — 

1. 8.W.}W. 2. North. 3. 8. 45J E. 4. N. 48}° £. 

.— 1. S. 68° W. 2. N. i° W. 3. 8. 55 E. 4. N. 33^ E. 



m. Tou have steered the following courses by standard compass; find the correct 
magnetic courses from the curve drawn : — 

1. E.byN.JN. 2. S. 72 E. 3. S. 76 W. 4. N. 26J W. 
Jntu*r:—1. 8. 8 9 °K 2. S. 57j°E. 3. S. 6oJ° W. 4. N. 38^° W. 

IV. Tou have taken the following bearings of distant objects by your standard compass 
u above ; with the ship's head as given, find the correct magnetic bearing. 



Ship's Head 

by Standard 

Compass. 



I Bearing of Distant 

Object by 
1 Standard Compass. 



Snip's Head 

by Standard 

Compass. 



Bearing of Distant 

Object by 
Standard Compass. 



East 



N. 87 E. 
N. 2°E. 



W.JN 

N.W.}W.... 




. 74 E. ; N. 9 W. ; N. 21 W. ; 8. 71 W. 



L In the following Table give the correct magnetic bearing of the distant object, and 
thence the deviation : — 



Ship's Head 

by 

Standard 

Compass. 



North 
N.E.. 
East.. 
8.E. . . 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



8. i5°E. 

8. 34 E. 

8. 31 E. 

8. 22 E. 



Ship's Head 

Standard 
Compass. 



South 
8.W. 
West 
N.W. 



Bearing of 
Distant Object 
by Standard ' 
Compass. 1 



• • • • 1 



8. i8°E. 
S. 11 E. 

South 
8. 3 W. 



Deviation 
Bequired. 



Armcer .— ' rrect magnetic bearing, 8.' 16 E. 
Deriatioi.5:-i W.; i8°E.; i5°E.; 6°E.; 2°W.;5°W.; i6°W,; 19° W. 
Y 



i6z 



Deviation of the Compass. 



II. From the above Table construct a Napier's curve, and give the oourse yon would 
steer by standard compass to make the following courses correct magnetic: — 

1. N. 73° E. 2. N. 68° W. 3. S. 87 E. 4. S. 1° W. 
Answer ;— 1. N. 54 E. 2. N. 49 W. 3. N. 76 E. 4. South. 

III. Given the following courses by standard compass to find the correct magnetic 
courses from the curve drawn : — 

1. S. 84* E. 2. N. 77 W. 3. N. 64° E. 4. S. 5 W. 
Answer:— 1. S. 71 E. 2. S. 85 W. 3. N. 82 E. 4. S. 6° W. 

IV. You have taken the following bearings of two distant objects by your standard 
compass as above ; with the ship's head N. 39° E. 

St. Catherine's Point, N. 82° E. Needles Light, N. 8* W. 

Answer .'—Deviation for ship's head, N. 39 E., is 16 E. 

Correct magnetic bearing of St. Catherine's Point, S. 82 E. ; and of the Needles Light, 
N. 8° E. 

Example VI. 

I. From the following Table find the bearing of the distant object, and thence the 
deviation. 



Ship's Head 

Standard 
Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 

1 


Ship's Head 

Standard 
Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


North .... 

N.E 

East 

S.E 


North 
N. i6~E. 
N. 24 E. 
N. 19 E. 


1 
1 


South .... 

8.W 

West .... 
N.W 

1 


N. 3°E. 
N. 16 W. 
N. 23 W. 
N. 15 W. 





Answer : — Correct magnetic bearing, N. i° E. 
Deviations:— i°E.; i5°W.; 23°W.; i8°W.; 2°W.: i7°E.; 24° E.; 16* E. 

II. From the above Table construct a Napier's curve, and give the courses you would 
steer by the standard compass to make the following courses correct magnetic : — 

1. E. by S. 2. W. by 8. J S. 3. North. 4. N. 57 J° W. 

Answer :— 1. S. 58 E. 2. S. 56 W. 3. N. i° W. 4. N, So* W. 

III. Suppose you steer the following courses by the standard compass, find the correct 
magnetic courses from the curve drawn : — 

1. W. } N. 2. S.S.W. 3. E. by N. } N. 4. South. 

Answer .—1. N. 59J W. 2. S. 3i|° W. 3. N. 52J E. 4. S. a° E, 

IV. Tou have taken the following bearings of distant objects by your standard compass 
as above ; with the ship's head as given, find the correct magnetic bearings : — 



Ship's Head 

by Standard. 

Compass. 



8,E. 
South 



Bearing of Distant 

Object by 
Standard Compass. 



Ship's Head 

by Standard 

Compass. 



1 Bearing of Distant 

Object by 
I Standard Compass. 




S.W. * S. 
E. f N. . 



••*••• 



W. JN. 
8. JE. 



Answers .-—Deviations, 18 W. ; 2 W. ; 14 E. ; 22° W,; Correct magnetic bearings, 
N. 33* & i *, »°. W. ; N. 73° W. j S. 23° E. 



Dmafa* of the Compass. 



**$ 



Example VII. 

L From the following Table find the correct magnetic bearing of the distant object, and 
Ounce the deviation : — 



1 

| Ship's Head 

Standard 
Compass. 


i 
Bearing of 
Distant Object : Deviation 
by Standard I Required. 
Compass. j 

l 


Ship's Head 
1 by 
Standard 
Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


North .... 
N.E. . 
East .... 
8.E 


8. 87 W. 
8. 70 W. 
8. 72 W. 
8. 88 W. 




South .... 

8.W 

, West .... 
' N.W 

1 


N. 84 s W. 
N. 77 W. 
N. 68 W. 
N. 72 W. 





Answer :— Correct magnetic bearing. N. 88° W. 
iRiwr;- Deviations, 1. 5 E. 2. 22 B. 3. 20 B. 4. 4 E. 5. 4 W. 6. ii° W. 
7. scP W. S. 16 W. 

II. From the above Table construct a Napier's curve, and give the Courses you would 
steer 03 the standard compass to make the following courses correct magnetio : — 

1. N. 79° E. 2. S. 48* E. 3. N. 84 W. 4, 8. 42 W. 

Answer:— 1. N. 55 E. 2. 8. $5° E. 3. N. 65 W. 4. 8. 55 W. 

HE. Given the following courses steered by standard compass to find the correct 
magnetic courses from curve drawn : — 

1. N. 72 W. 2. N. 84° E. 3. 8. 20 W. 4. 8, 78° E. 

Answer:— 1. 8. 88° W. 2. 8. 74 E. 3. 8. 13 W. 4. S. 6i° E. 

IV. Ton have taken the following bearings of distant objects by your standard compass 
ti above; with the ship's head as given, find the correct magnetic bearing : — 



Ship's Head. 



8. 68° W, .... 
N. 38 B. . . . . 



Bearing of Distant 

Object by Standard 

Compass. 



N. 82° W. 
8. 69 W. 



1 

Ship's Head. 


Bearing of Distant 

Object by Standard 

Compass. 


N. 78°W 

8. 9 E 


8. 3 E. 
N. 78 E. 



Jwwr:— Deviations, 1. 15 W. 2. 21 E. 3. 20 W. 4. 3 W. 

Correct magnetic bearings, 1. 8. 83 W. 2. West. 3. 8. 23 E. 4. N. 75 E. 

Example Yin. 

1. Prom the following Table find the correct magnetic bearing of the distant object, and 
thence the deviation : — 



j Ship's Head 

Standard 
Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 

1 


Ship's Head 

by 

Standard 

Compass. 

South' .... 

West .... 
N/W. «... 


Bearing of 

Distant Object 

by Standard 

Compass, 


Deviation 
Required. 


1 

North .... 
N.E 

8JB 


8. 6o°E. 
8.44 E. 
8. 36 E. 
8. 40 E. 




8. 67°E. 

Bast 
N. 87 E. 
8. 82 £. 





Answer : — Correct magnetic bearing, 8. 64 B. 
Ameer:— Deviations:--!. 4° W. 2. 20C W. 3. *«• W. 4. 24 W. 5 3- B. 6. a6^E 
*• *f 1. a. 18' E. 
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Deviation of the Compass. 



II. From the above Table construct a Napier's curve, and give the courses you would 
steer by standard compass to make the following courses correct magnetic : — 

1. N.N.W. JW. 2. E. byS. J S. 3. 8.W. J W. 4. E. J N. 

Answer :— 1. N. 51 W. 2. S. 50 J° E. "3. 8. 27 J° W. 4. 8. 64!° E. 

III. Suppose you have steered the following courses by standard compass; find the 
correct magnetic courses from the curve drawn :— 

1. W.byN. JN. 2. N. JE. 3. S.E. f S. 4. 8. } W. 

Answer:— \. N. 46J W. 2. N. 2 W. 3. 8. 57 J° E. 4. S. i8|° W. 

IV. Tou have taken the following bearings of distant objects by your standard compass 
as above ; with the ship's head as given, find the correct magnetic bearings : — 



Ship's Head. 



N.W. 



■••••••• 

•••••• 



Bearing of Distant 

Object by Standard 

Compass. 



N.E. 
East. 



Ship's Head. 



E.JN 

W. by N. J N. . 



Bearing of Distant 

Object by Standard 

Compass. 



N.* W. 



t 



8. * W. 



Answer .-—Deviations:—!. i8 E. 2. i8°E. 3. 28' W. 4. 27 E. 

Correct magnetio bearings :— 1. N. 63 E. 2. 8. 72 E. 3. N. 36 W. 4. 8. 33 W. 

Example IX. 

I. From the following Table, find the correct magnetic bearing of the distant object, 
and thence the deviation : — 



' Ship's Head 

Standard 
Compass. 



North .... 
N.E. • .... 

East 

8.E. • • . . 



Bearing of 

Distant Object 

by Standard 

Compass. 



8. 44 E. 
8. 50 E. 
8. 58 £. 
6. 59 E. 



Deviation 
Required. 



Ship's Head 

Standard 
Compass. 



South 
S.W.. 
West 
N.W. 



Bearing of 

Distant Object 

by Standard 

Compass: 



8. 38° E. 
S. 16 E. 
8. 21 E. 
8. 34 E. 



Deviation 
Required.] 



w. 



Answer .'—Correct magnetio bearing, 8. 40 E. 
Answer.— Deviations:— 1. 4 E. 2. io» E. 3. i8'E. 4. 19° E. 6. 
6. 24° W. 7. i9°W. 8. 6°W. > 

II. From the above table construct a Napier's curve, and give the courses you would 
steer by standard compass to make the following courses correct magnetio . — 

1. E. J 8. 2. 8. JE. 3. W. by 8. J 8. 4. N.JW. 
Answer:— 1. N. 82 E. 2. 8. 8*° E. 3. West. 4. N. 5 W. 

m. Suppose you steer the following courses by standard compass, find the correct 
magnetio courses from the curve drawn : — 

1. S.W. by W. f W. 2. N. 5 W. 3. 8. 8 9 E. 4. N. 80J E. 
Answer:-!. 8. 40° W. 2. N. J W. 3. 8. 5 E. 4. 8. 83J E. 

IV. You have taken the following bearings of distant objects by your standard compass 
as above ; with the ship's head as given, find the correct magnetic bearings. 



Ship's Head. 



Compass Bearing. 



J5. JS • Jfi. • « • m m • • • 

S.W. byW. .. 



E.S.E. 
8.E. i 8. 



8hip's Head. 



Compass Bearing. 



E.|S 

W. by N. i N. 



W.±N. 

E. by N. J N. 



Answer.— Deviations:— 1. 13!°^. 2. 25° W. 3. 19J E. 4. i6°W. 

Correct magnetic bearings:-!. S. 5 4°B. 2. S. 64° B. 3. N. 67*° W. 4. N-54°B. 



deviation of the Compass. 



i6j 



Example X. 

I. From the following table find the correct magnetic bearings of the distant object, 
and thence the deviation. 



Ship's head 

Standard 
Compass. 



North .... 

East 

8.E 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



West. 

8. 78°W. 
S. 77 W. 

S. 82 w. 



Ship's Head j Bearing; of 

by Distant Object 

! Standard by Standard 

Compass. Compass. 



Deviation 
Required. 



South 
S.W. , 

West, 

N.W., 



8. 86°W. 
N. 89 W. 
N. 81 W. 
N. 79 W. 



5. 2 E. 



Answer : — Correct magnetic bearing 8. 88° W. 

Answer.— Deviation:— 1. 2 W. 2. io° E. 3. n°E. 4. 6° E. 
6. f W. 7. ii° W. 8. i 3 °W. 

n. Given the correct magnetic course, to find the courses to steer by standard compass : — 

1. 8. 87 E. 2. 8. 83 W. 3. N. 8° W. 4. N. 57J E. 
Answer.— 1. N. 81 J° E. 2. N. 85J W. 3. * N. 4$° W. 4. N. 47 E. 

m. Given courses by standard compass, to find correct magnetic : — 

1. N. 85 E. 2. N. 86° W. 3. N. 63J E. 4. 8. 9 W. 
Answer.— I. 8. 83J E. 2. 8. 82° W. 3. N. 75J E. 4. 8. 9J W. 

IV. You have taken the following bearings of distant objects by standard compass with 
•lap's head as given below, find the correct magnetic bearing : — 



1 

Ship's Head. 


< 

Compass Bearing. 


Ship's Head. 


Compass Bearing. 


' N. i2« E 

■ N. 86° W 


8. 75 E. 
8. 3 W. 


8. 16 W 


8. 87°E. 
8. 88° W. 



Answer,— Deviations:— 1. 2j° E. 2. nJ°W. 3. 5 J° E. 4. o°. 

Correct magnetic bearings:—!. N.77}*E. 2. 8. 8JE. 3. 8. 8iJ°E. 4. 8. 88°W. 



Example XI. 

L From the following Table find the correct magnetic bearing of the distant object, and 
thence the deviation : — 



Ship's Head 

Standard 
Compass. 



North . . . . 

NIP 

East 

8.E 



Bearing of 

Distant Object 

by Standard 

Compass. 



8. I7°W. 

South. 
8. 5 E. 

South. 



Deviation 
Required. 


Ship's Head 

Standard 
Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


* 


South .... 
S.W 

N.W 


S. I2°W. 

8. 31 W. 
8. 35 W. 
8. 30 W. 


1 



Answer.— Correct magnetic, 8. 15 W. 

Answer.— Deviations?— 1. a° W. 2. 15* E. 3, m°E. 4. 15 E. 5. 3 E. 
•• 1* W. 7. »o*W. 8. i5»W. 
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Deviation of the Compart. 



II. From the above Table construct a Napier's curve and give the courses you would 
steer by standard compass to make the following courses correct magnetic : — 

1. E. } 8. 2. 8. 1 W. 3. N. 14J W. 4. 8. 44 E. 

Answer.— 1. N. 78J E. 2. 8. io° W. 3. N. 9J W. 4. 8. 62$° E. 

m. Suppose you steer the following courses by standard compass, find the correct 
magnetic courses from the curve drawn : — 

1. W. JN. 2. N.E. $E. 3. N. 78 E. 4 8. 11$° W. 
Answer.— 1. W. by 8. 2. N. 67 E. 3. 8. 82 E. 4. 8. 9 W. 

IV. You have taken the following bearings of distant objects by your standard compass 
as above ; with the ship's head as given find the correct magnetic bearing : — 



Ship's Head. 



Compass Bearing. 



Ship's Head. 



Compass Bearing. 



1 N. by W.J W. 
S.W.by W.... 



8. 3°W. 
8. 86 E. 



W.by8.f 8. .. N.*E. 

E.byS.±S...., E.byN.JN. 



Answer.— Deviations:— 1. 8° W. 2. i8J°W. 3. 2i°W. 4. 21° E. 
Correct magnetic bearings :«-l. 8, 5 E. 2. N. 75J E. 3. N. 12J W. 4. 8. 83° E. 

Example XII. 

I. From the following Table find the correct magnetic bearing of the distant object, 
and thence the deviation : — 



{hip's Head Bearing of , 

by I Distant Object Deviation 

Standard 



Compass. 



by Standard Required. 
Compass. 



North .... 
N.E 



8. 3°W. 

8. 1 E. 



East.....* 8. 9 E. 
S.E ! 8. 12 E. 



Ship's Head 

by 

Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


South .... 

S.W 

West .... 
N.\v . .... 


S. I°E. 
8. 13 W. 
8. 15 W. 
8. 8 W. 





Answer : — Correct magnetic bearing 8. a° W. 
Answer:— Deviations:— 1. i°W. 2. 3 E. 3. n°E. 4. 14 E. 5. 3°E. 6. 11* W- 
7. ifW. 8. 6° W. 

II. Given the correct magnetic courses, to find the courses to steer by standard compass : — 

1. N. 41 W. 2. N. 66° E. 8. 8. 39° E. 4. 8. 79 W. 

Antwer:— 1. N. 36^ W. 2. N. 6o° E. 3. 8. 54 E. 4. N. 88 J° W. 

m. Suppose you steer the following courses by standard compass, find the correct 
magnetic bearings : — 

1. N. 3iJ°W. 2. 8. 7o°W. 3. S.E. by E. J E. 4. N. 3i°W. 
Answer :-l. N. 37° W. 2. 8. 5S ¥ W. 3. S. 47^ E. 4. N. 35 W. 

IV. Tou have taken the following bearing of distant objects by standard compass ; with 
the ship's head as given below, find the correct magnetic bearings :— 



Ship's Head. 



Compass Bearing. 



Ship's Head. Compass Bearing. 



Dungeness. 
8. JE J N.E. by E. J E. 



peachy Meat 
8. 65 W N.W. J W. 



Beachy Head. 



Answer:— Deviations:— 1. 6°E.; 2. i4°W.; and correct magnetic bearings, 1. N. $S» g.; 
2. N. ©4*° W. 



THE TRAVERSE TABLE. 



243. In all collections of tables for the use of navigators there is inserted 
a table containing the true difference of latitude and departure, corresponding 
to certain distance* (at intervals of one mile) up to 300 nautical miles, for every 
course, at intervals of a quarter point, and also of degrees, from o° to a right 
angle (90°). Tables I and II (Eaper or Norie). 

In these Tables the course is found at the top of the Table, when under 4 
points or 45°; but at the bottom of the Table, when it exceeds 4 points or 
45 . The first column contains the distance to 60 miles, the second column 
contains the difference of latitude, expressed in minutes and tenths, and the 
third column, similarly expressed, contains the departure ; but if the course 
exceeds 4 points or 45°, the second column contains the departure, and the 
third column the difference of latitude. The other columns are a continuation 
of the former, exactly upon the same principle, and extending to 300 miles of 
distance.* (See Tables I and II, Norie or Eaper.) 

USE OF THE TABLE. 

244. Given the course and distance, to find the difference of latitude 
and departure. 

EULE LXVL 

With the Course open the Tables, and under or above the proper number of 

points [or degrees) and opposite the distance, will be found the difference of 

latitude and departure. 

Wt.— When the coarse is found at the bottom of the page, care must be taken to see that 
tte diff. of lat. and the dep. are taken from the proper column above the words departure and 
A/. kt % It most be carefully remembered that when the course is lets than 4 points or 45°, 
the Hf. lot. exceeds the dep. ; but when it is more than 4 points or 45 the dep, exceeds the 

Sy. «Sf» 

Examples. 

Ex. 1. A ship sails N.W. JN.a distance of 78 miles : required the difference of latitude 
ad departure by inspection. 

The given course is 3} points ; and referring to Table I we find the page assigned to this 
coom to be page 14, Norie, or page 436, Raper's Navigation, in which against 78, in column 
hatded Diet., stands 60*3 under the head Lat., and 49*5 under the head Dep. We conclude, 
therefore, that for the given course and distance, the difference of latitude is 60*3 miles, and 
the departure 49*5 miles. 

* This table is constructed by solving a right-angled triangle, of which one angle repre- 

lents the course, and the hypothenuse the distance ; by giving these different and successive 

values, the corresponding values of the othar«two sides are found, which sides represent the 

true difference of latitude and departure. Inasmuch as the sine of an angle is the eosine of 

its complement, it is evident that the difference ot latitude and departure for any course are 

the departure and difference of latitude for the complement of that course, and hence the 

table ia compactly arranged by interchanging the headings of the columns containing these 

dements at the top and at the bottom of the page, and using the top reading for courses 

from o° to 45°, and the bottom reading for courses from 45 to 90 . This table may be used 

for a great number of problems depending for their solution on the relation of the several 

parts of aright-angled triangle, and, since all the relations between any two quantities may 

■• expressed as functions of some angle in terms of the sine, cosine, or tangent ; it may be 

and, n fact, as a general proportional table. 
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Ex. 2. Suppose the course to be 5 J points, and the distance 98 miles. 

Then, since the course here exceeds four points, we look for it at the foot of the page (page 
io, Norie. or 432, Kaper), and against 98 in the distance column we find in the adjacent 
column (marked at the bottom dep. and diff. lat.) dep. 86*4, and diff. lat. 46*2, so that the 
difference of latitude made is 46*2, and the departure 86*4. 

Ex. 3. Course N.E. by N., distance 129 miles: find diff. lat. and dep. 

Enter Table I, and find 3 points at the top, and in one of the columns marked Diet, find 
the distance 129, then in the columns opposite to this, marked lat. and dep. at top, stands the 
difference of latitude 107-3, an( * departure 71*7. 

Ex. 4. Course E. by N. J N., distance 264 miles : find diff. of lat. and dep. 

Open Table I at 6} points, found at the bottom, and opposite the distance 264 stands 
departure 252-6, and difference of latitude 76*6. 

Ex. 5. A ship sails N. 40 £., 50 miles : required the diff. of lat. and departure. 

The course being less than 45 , is found at the top, and the distance being under 60 miles, 
is found in the left hand column , therefore, on the page (56 Norie) is 40° at the top, and 
opposite to 50 in the distance column (marked Dist.) is 38*3 under Lat., and 32*1 under Dep., 
the difference of latitude and departure required. 

Ex. 6. A ship sails N. 64 W., 175 miles: required the diff. of lat. and departure. 
The course being more than 45 , is found at the bottom, in page 42, and opposite to the 
distance 175 miles, is 76-7 over Lat., and 157*3 wo- Dep., which was required. 

(a) To find diff. lat. and dep. when there are tenths in the distance. 

Take the distance as an entire number of miles, i.e., as a whole number, and 
find the corresponding diff. lat. and dej).,from each of which cut off the right hand 
figure, or tenths, and remove the decimal point one place to the left hand, which will 
give the required diff. lat. and dep. tn miles, and tenths of a mile.* The tenths, 
however, must be increased by 1, if the figure cut off is 5, or upwards. 

Examples. 

Ex 1. Course 3 J points, distance 20*3; required the diff. lat. and dep. corresponding 
thereto. 

With course 3J points, and dist. 20*3, taken as 203, we get the diff. of lat. 156-9, dep. 
128*8 ; now cut off the right hand figure of each (the 9 and 8), and shifting the decimal 
point one place to the left, we have diff. lat. 15*7, and dep. 12*9. It will be observed that 
the tenths are increased by 1, in each case, as the figures cut off in both cases exceeds 5. 

Ex. 2. Required the diff. lat. and dep. corresponding to course 4} points, and dist. 24*3 
miles. 

With course 4J points, and dist 24-3 (as 243 miles), we find diff. lat. 154*2, and dep. 
187*8 : hence we obtain, after dropping the tenths, and removing the decimal point in^ach 
one place to the left, 15*4, and 18*8, for the required quantities. The tenths in the dep., it 
will be observed, are increased by 1, since the figure dropped exceeds 5. 

Ex. 3. A ship sails E.N.E., distance 29**5 ; find diff. of lat. and dep. corresponding. 

In this case take out for distance 295. Thus, for 6 points and distance — 

295 =z 1 1 2-9 diff. lat., 272**5 dep. 
. . 29*5 = 11*3 diff. lat., 27 #, 3 dep. 

After dropping the tenths, and removing the decimal point one place to the left, we have 
diff. lat. n*3 and dop. 27*3. 



* The reason of this rule is that the Traverse Table is entered with a distance ten time* 
as great as the given distance, and the resulting diff. lat. and dep. is divided by ten. This 
is done by merely imagining the decimal point to be removed one place to the right before 
entering the table, and then one place to the left after taking out the results (see p. 26, (10). 
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Ex. 4. N. 3 ptfl. W. f and diet. 20*6 miles (as 206), give dif 
dropping the tenths in each ease (the 3 and the* 4), and shifting required the corresponding 
to the left, we get diff. lat. 17- 1 N., and dep. 11*4 W. 

Ex. 5. N. 65° E-, and dist. 115 (as 215), give diff. lat. oo-Qvide them hy a, so as to bring 
hi 9* 1 N., and 19*5 £. It will be observed that the tenths are 
si the figure dropped exceeds 5. Dep. 

(b) If the distance exceeds the limits of the Tray 3 )* 08 ' 8 
Take the half, the third, &c, so as to bring it within 104*4 
multiply the corresponding quantities by 2, 3, &c. narked «#£ w ^a « dep ." 

Ex. 6. Let the course be 3 J points, and distance 435 : reqieach other. In the same line 

lit and dep. iltiplied by 2 (the number the 

435 divided by 3 gives 145. [stance sought. As 120*1, the 

Course 3$ points, and dist. 145 give diff. lat. u6*e top of the page. It is 41 . 

X leiflS. 4i°E. 

Diff. lat. 349 
If the distance had been 43*5, the diff. lat, would have been 

(e) But when the distance is between 300 andof latitude and departure 
follows : — ance. 

Take out diff. of lat. and dep. for 300, and for the ex aiTen 

9/ the quantities thus found, cut off the last figure, and I)i£L L * t - 
ubtfm. 37'9 N. 



53'3 8. 
Ex. 7. Course 5} points, and distance 526 : required the d 6o '7 3. 

departure. l l 2 ' 6 £ 

_ 1642 N. 

Course 5} points, and dist. 300, give diff. lat. 128 

226 96*l_ 



Dep* 
36*4 E. 
760 W. 
165 W. 

79 W. 
2628 E. 



526 " 4 " T¥P 

If the distance were 52*6 we should proceed as above, and tf A IN VX . 

of each, and removing the decimal point one place to the le 

dep. 47*6. The tenths are increased by 1, in each case, as th«, 

5, sad in the other amounts to 5. ^ n o when the ship makes 

Ex. 8. Find from the Table the diff. lat. and dep. for 485'* and the Section of its 

Course N. 37 W. B7arfc °^ eacn otner - For all 

Diat. Diff. lat. a gl© equivalent imaginary 

239*6 would have described had 

H7'7 



300 
185 



•7 



iding this course is called 



_,. 457 379 departure for each distinct 

The decimal 7 we take out as 7, which gives diff. lat. 5-6 e eral differences of latitude 
decimal point in each one place to the left we have for diff. la, , , , , . , 

itude and departure which 

Examplbs for Practice. that reached on a single 
In each of the following examples find the die corresponding distance, 
departure corresponding to the given course and di 



No. 
I. 
2. 

3- 

4- 

5- 
6. 

7- 



Given 
Course, 

8.S.E. 

E. hy S. 

8.W. J 8. 

W.f N. 
S.E. hy E. } E. 

fc.W. J W. 
E. hy N. J N. 



Dist. 


No. 


3° 


8. 


48 


9- 


136 


10. 


84 


11. 


<6 


12. 


2 *5 


*3- 


183 


14- 



8.). 

g ure and difference of latitude ; 
g' *e get the course from formula 

N. 
TV 
N.«rw TebU is as ed to efcriaU the 
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245. Given the difference of latitude and departure, to find the course 
and distance. 

EULE LXVII. 

Seek in the traverse Table (Table II) till the diff. lot. and dep., or the quantities 
agreeing most nearly with them, are found opposite each other in the proper columns; 
to the left or abreast of the quantities thus found, and under "Dist," will be the 
distance made good; and the Course fin degrees) must be taken from the top of the 
page when diff. lat. is greater than the dep. ; but from the bottom of the page 
when the dep. is greater than the diff. lat. 

The Course will have the same name (from N. or S. towards E. or W.) as 
the diff. lat. and dep. made good. 

Note. — Always seek for the larger of the two given numbers in the column next the 
distance, viz., the column marked " Diff. Lat." at the top, and examine page after page, 
until the smaller number is found by its side in the column marked "Dep." at the top; 
being careful to remember that when diff. lat. is greater than the dep. the course will be at the 
top ; otherwise it ie to be found at the bottom. 

(a) When the diff. lat. and dep. on two successive pages of the Traverse 
Table, appear to be equally near the given diff. lat. and dep., neither page 
giving values actually corresponding to them, take a course midway between 
those on the two successive pages as the course actually made good. 

(b) If the difference of latitude and departure, or any of the sides of the 
proposed triangle, should exceed the limits of the Traverse Table, they may 
be divided by any number that will bring them within these limits, and then 
the results from the Table multiplied by the same number will give the 
required parts of the proposed triangle ; observing that the angle or course 
must in no case be multiplied or divided, because the course will be the same, 
whether determined to the whole difference of latitude or departure, or by 
using an aliquot part of the same. 

Examples. 

Ex. 1. A ship having sailed between the N. and E., until her difference of latitude is 
199 miles, and the departure 144*6 ; required her course and distance. 

In page 52, Norie, or page 474, Raper, these quantities will be be found to correspond 
with 246 in the distance column, and with the angle 3 6° found at the top of the Table (the 
diff. lat. being greater than dep.) ; tho course is therefore N. 36* £., and distance 246 miles. 

Ex. 2. A ship has made upon one course 36 miles diff. lat. to the northward, and 58 
miles dep. to the westward ; required the course and distance run. 

Look for 58 and 36 in two adjoining columns marked ''diff. lat." and "dep." at the top. 
In the table will be found 57*7 and 36*0 abreast of each other. In the same line at the dist. 
column will be found 68, the distance sought. As 58, the dep., is greater than diff. lat. 36, 
the course is taken from the bottom of the page. It is 58°. As the ship has gone to the 
K. and W., the course she has made is M . 5 8° W. 

Ex. 3. A ship having sailed between S. and W. until her difference of latitude is 40 
miles, and her departure 139 4 miles : required the course and distance. 

In page 32, Norie, or page 454, Raper, the course answering to diff. latitude 40 miles, and 
departure 139*4 miles, corresponds with the angle 74°, at the bottom of the Table, and 
opposite the distance 145 miles ; the course is therefore 8 74 W., and distance 145 mile*, 
which were required. 
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Ex. 4. Given the diff. lat. 24o'*o 8 , and dep. 2o8'*6 E. : required the corresponding 
eoune and distance. (See Hole LXVI1 (b), page 170). 

As both diff. lat. and dep. exceed the limits of the table divide them by 2, so as to bring 
them within these limits, thus : — 

D. Lat. Dep. 

2)240*2 2)208*8 



I20'I 



104-4 



Then seeking for 120*1 and 104*4 in two adjoining columns marked "diff. lat.'* and ''dep.'* 
at the top. In the table are found no'-o and 104*3 abreast of each other. In the same line 
jn the distance column will be found 159, which must be multiplied by 2 (the number the 
diff. 1st. and dep. were divided by), the product 318 is the distance sought. As 120*1, the 
difL lat, is greater than the dep., the course is taken from the top of the page. It is 41 . 
As the ship has gone to the S. and E., the course she has made is S. 41 ° E. 

Examples fob Practice. 

In each of the following examples the difference of latitude and departure 
are given to find the corresponding course and distance. 



Given 



Given 



No. 


Diff. Lat 


Dep. 


No. 


Diff. Lat. 


1. 


72*7 8. 


25*0 B. 


6. 


37 "9 N - 


2. 


72*3 N. 


171*7 E. 


7- 


533 S. 


V 


64*0 N. 


1469 W. 


8. 


160*7 8. 


4- 


986 8. 


375 E. 


9- 


172*6 8. 


5- 


4156 N. 


240*0 W. 


10. 


164*2 N. 



Dep. 
364 B. 
76*0 W. 
1 65 W. 

79 W. 
2628 B. 
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246. T&avkrsz Sailing is the case in plane sailing when the ship makes 
several courses in succession, the track being zigzag, and the direction of its 
several parts ' ' traversing, ' ' or lying more or less athwart of each other. For all 
these actual- eburses and distances run on each, a single equivalent imaginary 
course and distance may be found, which the ship would have described had 
she sailed direct for the place of destination. Finding this course is called 
"Working a Traverse." 

In order to do this, the difference of latitude and departure for each distinct 
course must be found, and the aggregate of the several differences of latitude 
and departure taken for the single difference of latitude and departure which 
would be made by sailing from the place left to that reached on a single 
course. The determination of this course, and the corresponding distance, 
is then to be effected.* 



* The plane sailing formula — 

Dep. = Dist. X Sine course (1). 
D. Lat. = Dist. X Cos. coarse (2). 
give for each coarse and distance the corresponding departure and difference of latitude ; 
ud taking the algebraic sum of all the diff. lats. and dep., we get the course from formula 

Tang, coarse = **' 



D. Lat. 

•ad then the distance from f©rmul» (1) and (2). The Trtmru T»bU is aaed to efcviato Ue 
necetnry of computations. 
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247. In resolving a traverse, it is usual to take the cliff, lat. and the dep. 
due to each of the component courses from the traverse table; hence we 
proceed by the following 

RULE LXVm. 

i°. Draw out a form similar to that given in the example following. 

2 . In the column headed Courses, enter each course in succession; and in 
column Dist., enter the distance run on each course. 

In entering the Courses in the appropriate column, reckon, in each case, the points, and 
fractional parts of a point, from the North or South, whichever is nearest, and write them 
down as in the following example. 

3 . Take out of the Traverse Tables (Table I or II, Raper or Norie), the 
difference of latitude and departure to each course and distance, and enter the 
latitude in column N. or S., and the departure in column E. or W., according to 
the name of the course. 

Thus, if the course is 8.E. by S., the difference of latitude must be entered in the column 
S., and the departure in the column £. ; if the course is W. \ N., the difference of latitude 
must be entered in the column N., and the departure in the column W. 

3a. When the course is exactly North or South, the distance and diff. lat. are 
the same, there is no departure, and the whole distance is entered as difference of 
latitude in the corresponding column N. or S., as the case may be : so oho when 
the course is due East or West, the departure is indentical with the distance, 
there is no difference of latitude, and the whole distance run is entered as 
departure in the E. or W. column. (See pages 173 — 174, Exs. 2 and 3). 

4 . Add the diff. of lots, in each column, and write the sum at the bottom of each, 
write the less of the two sums under the greater, and take their difference. Do 
the same with the departure. 

5°. These differences are the diff. lat. and dep. made good on the whole and each 
takes the name of the column it stands in. 

6°. The course and distance are then found by Rule LAV 11, page 
170. 

Nora. — (a). When there is no resulting departure the Traverse Table need not be 
referred to, as the ship has returned to the same meridian, and the course made good is 
North (N.) or South (S.), according as the diff. lat. is North or South, and the distance is 
equal to the diff. lat. (See example 5, page 175). 

(b) Similarly, when there is no resulting difference of latitude, the course made good 
will be either East (E.) or West (W.) as the departure made good is East or West, and the 
distance will be of equal value with the difference of departures. See Ex. 4, page 174. 

(e). Should the difference of latitudes and also the departures balance each other, in 
which case the ship will have made good neither difference of latitude nor departure, the 
vessel must be considered to have returned to the place from which she set out. 

It may be advisable for a beginner, before he proceeds to take out the quantities from the 
Traverse Tables, to write a dash in all the places not to be occupied by a difference of latitude 
or departure, in order to avoid writing a quantity in the wrong column. Such helps, 
however, are useless to an expert computer. 
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Ex. i. A ship from the Dudgeon Light, in lat. 53° 19' N., sails S.S.E. J E., 8 miles ; 
EXE., 23 miles; N.W. by W. £ W., 36 miles; E. f N., 48 miles; and N.W. J W., 46 
miles : required the latitude arrived at, also the course and distance made good. 



Courses. 


DlST. 


DiFF. 


Lat. 


Departure. 


N. 


8. 


E. 


W. | 


8.8.E. i E. . . = S. 3J E.* 
Jj.N.Ej. . . "^z. N. 6 E. 
N.W. by W. J W.= N. si W. 
E. 1 N. . . . = N. 7j E. 
N.W. i W. . . = N. 4} W. 


8 

23 
36 

48 
46 


8-8 
17*0 

7-0 
29*2 


7'2 


3*4 
213 

47*5 


318 
35'* 


* The courses are given in this 
double form merely as an illustra- 
tion of the method of using them. 




62'0 

7*2 


7-2 


72*2 
67-4 


67-4 


54'8 


4-8 



s. 

Ml 

12 

HS 

S3 

eS 

H 

-J 

MOD 



■8 



Explanation.— The courses and distances are entered in their proper columns, in the same order as they 
tiud in the question ; then in Traverse Table I, Norie or Baper, turn to the page with z\ points— which is. 
found at the top, the course being less than 4 points— run the finger down the Dist. column till you come to 
A, by the side of which stands 7*2 in Diff. lat. column, and 3*4 in Dep. column. Diff. lat. 7*2 is entered in the 
8. column, and Dep. 3*4 in the E. column, because the course is S. and E. (South and East). Next turn to 
the page of the Traverse Table with 6 points — found at the bottom, because more than 4 points— look for the 
distance 23, from the side of which take out Dep. 21-2, and Diff. lat. 8 8, which are entered under N. and E., 
because the course is N. and B. Proceed in a similar manner with the remaining courses. 

The sum of the respective columns, N., 8., E., and "W., is next found, and set down at the bottom of each 
column, and the difference between the Northing, viz., 62*0, and the Southing, viz., 7*2, is taken, which 
tares 54*8 N., which is the Diff. lat. made ; the difference between the Easting 72*2, and Westing 67*4, leaved 
4'8 E., departure. 

We proceed in the next place to find the course and distance made good, 
thus: — 

In T»ve™o Table H. {ff^JSj-HS^i*}-*^ 

This is an illustration of the remark, that when the diff. lat. is more than the dep., th< 
course is less than 4 points, or 45 , (see No. 141, page 89) and it is named from the N" 
towards the E., since the diff. lat. is N. and the dep. E. 

Lat. left (or sailed from) Dudgeon Light 53 19' N. \ 

Diff. lat. 54*8 = 55 N. ( Lat. in is found according to 

- / Rule XL VI, page 93. 

Lit. in (or arrived at) 54 14 N. / 

Ex. 2. A ship from Cape Espioheli, in lat. 38 25' N., sails as follows : S.W. by W., ii 
miles; W. by N., 55 miles; West, 47 miles; S.E. } S., 25 miles; South, 101 miles 
W. I S., 72 miles : required the latitude in, also the course and distance made good. 




• 8ee Rule LXV1LL, 30, 
page 17a. 



Dist. 

1 


DlFP. 


Lat. 


Dbpabturb. 


N. 


S. 


E. 


W. 


28 

55 

47 

*5 
101 

72 


10*7 


15*6 
20' 1 

IOI'O 

io*6 


149 


*3*3 

539 

47*o 

71-2 




io*7 ' 


'47*3 
10*7 


149 


195*4 
149 




IJ6-6 


i&>\5 1 



»74 
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We seek in the Traverse Table till the diff. of lat. 136*6, and dep. 180*5, are found opposite 
each other, in their respective columns; the nearest to these are 180*5 and 1360, which 
give the course (at the bottom of page, dep. being the most) S. 53 W., and distance 226'. 
This is an illustration of the remark, No. 141, page 89, that when the departure exceeds the 
difference of latitude, the course is more than 45*. 

Lat. left 38 25' N. * 

D. Lat. 136*6 = 2 17 8. ( The lat. in u found according to 

- 1 1 Rule XX. VI, page 93. 

Lat. in (or arrived at) 36 8 N. / 
Ex. 3. A «hip from lat. 37 24' 8., sails the following true courses : — S.W. by S., 20 
miles; West, 16 miles; N.W. by W., 28 miles; S.S.E., 32 miles; E.N.E., 14 miles; 8.W., 
36 miles : required the lat. in, also the course and distance made good. 



Courses. 



1 

! DlST. 1 



N. 



8. 3 W. , 
W.* . 
N. 5W. 
8. 2 £. 
N. 6E. 
8. 4 W. 



20 
16 
28 

3* 
14 
36 



* See Bule LXYIII, 3a, 
page 17a. 



156 
5 "4 

210 



Lat. 


Departure. 


8. 


E. 


W. 


166 

29*6 

*5'5 


— — 
123 

I2'9 


II"! 

i6*o 
*3"3 

*S'S 


71-7 

21'0 


25-2 


759 
25*2 


5°"7 


S°l 



We seek in the several pages of the Traverse Table II, for the diff. lat. 50*7 ; and dep. 
507 ; the nearest found to these are diff. lat. 50*9, dep. 50-9, give course 8. 45 W., distance 
72 miles. 

The diff. lat. and dep. being of equal amount, the course is 45°, or 4 points* which 

illustrates the remark, No. 141, page 89. 

Lat. left. 37 24' 8. \ The lat. sailed from being South, and the 

TVifF lof rn*i — ., a ship having sailed South, the ship has e**i- 

um. lac. 50 7 — . 51 d. denUy increased her 8outJl -fc* W hence the 

~ i sum of lat. from and diff. lat. ifi taken to obtain 

Lat. arrived at 38 15 S. / lat. in.— (See Rule XLVI, i°, page 93). 

Ex. 4. A ship from lat. 20° 56' N. sails (all true courses) N.W. by N., 20 miles; 8.W., 
40 miles; N.E. by E., 60 miles; S.E-, 55 miles; W. by 8., 41 miles; E.N.E., 66 miles: 
required the latitude in, also the course and distance .made good. 



Courses. 



N. 3 W. 
8. 4W. 
N. 5 E. , 
8. 4E. 
8. 7 W. 
N. 6 E. 



1 

DlST. 

20 

40 
60 

ss 
41 

66 


DlTF. 


Lat. 


Departure. 


N. 


8. 

283 

3»*9 
80 


E. 


W. 


166 
33*3 

2 5*3 


49*9 
389 

6i*o 


ii'i 
28-3 

40*2 




75' 2 


75** 
75** 


149*8 

79*6 


796 






70*2 



Course due East, and dist. 70*2, the same as the departure. (See No. 141, page 89). 

The Traverse Table being filled up, the sums of the Northings and Southings are both 75*2, and being of 
eontxatr directions, show that the ship has returned to the same parallel of latitude which she sailed from. 
The sujL of the Eastings is 149*8, and that of the Westings 79-6 ; their difference, 70*2, shows that the ship 
has failed so much to the Eastward, that being the greater. Consequently the Oow$e is due Matt, and the 
DUtan^ ■/»•*, «hBsame as «m departwe. 
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Ex. 5. A ship sails from a place in lat. i° 1 5' N . , the following true courses : — S.W. by "W., 
45 miles; E.S.E., 50 miles; S.W., 30 miles; S.E. by E., 60 miles; S.W, £ S., 63 miles: 
required the latitude in, also the course and distance made good. 



C0UB8ES. 


DlBT. 


Difp. Lat. 


Departure. 


N. 


8. 

250 
191 
21*2 

33*3 
506 


E. 


W. 


8.5W 

8. 6E 

8. 4 W 

8.5E 

S-3iW 


45 

50 

30 
60 

63 


46*2 
499 


37 '4 

21*2 

37*5 








1492 


96*1 
96*1 


96*1 





The Traverse Table being completed, the sum of the Southings is 149*2 miles, and to that amount the ship 
faat altered her latitude. The miles of departure in the East column are 96*1, and those in the West oolumn 
aw also 96' 1 ; but as the East and West departures destroy one another, there is no resulting departure ; and 
therefore, it is not necessary to refer to the Traverse Table. The ship is under the same meridian as she 
■fled from; consequently, the course is due South, and the distance sailed is equal to the din*, of lat, vis., 
1491. This is according to No. 141, page 89. 



Latitude left i°i5'N. 

Diff. lat. 6,0)14,9-2 



The ship being i° 15**, or 75 miles, N. of the equator, 
must evidently be in 8. lat. after making 149 miles of 



a } Southing. Thus, in subtracting one of the quantities 

2 29*2 — 2 29 a. ( fro m the other, the difference takes the name of the 

\ greater. Rule XL VI, page 93. 

Latitude in 1 14 S. 

The course is South, and diet. 149*2, the same as diff. lat. 



Ex. 6. A ship from latitude 46° 10' N., sails as follows : S. 48 E., 25 miles ; 8. 51 - E., 
lS-Q miles; N. 87* E., 124 miles; 8. 70 E., 14-5 miles; 8. 68° E., 21-6 miles; N. 25 W., 
164 miles; N. 8° E., 7*8 miles ; N. 19 E., 13-7 miles; N. 76° E., 39-6 miles; required the 
1st in, also the course and distance made good. 



Courses. 



Di8T. 



Dipp. Lat. 



Depasture. 



8. 48°E. 
8. 51 E. 
N. 87 E. 
8. 70 E. 
8. 68 E. 
N. 25 W. 
N. 8 E. 
N. 19 E. 
N. 76 E. 



25 
189 

124 

145 
21*6 

i6'4 

7*8 
*3'7 
39" 6 



N. 


8. 


. 


16*7 




1 1 '9 


0-7 


■ 




5*o 





8-i 


149 




7*7 




13-0 


■ 


9-6 





E. 



459 
4i*7 



4-2 



4i*7 



1233 
6*9 



1 1 6*4 



W. 



69 



69 



Course N. 88° E. Dist. 116} miles. 

Btpinnotion.— The course 48 (found at the bottom of one of the pages in Table I), and dist 25 (in dist. 
«*nnn), opposite this last stands 16-7 diff. lat., and 18*6 dep., and as the ship is sailing on a S. and E. coarse, 
Am tift lat is written in the diff, lat. column, and the dep. in the East oolumn. 
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To take out the next course and distance we proceed thus : — 51 and dist. 18-9, taken as 189, give diff. lat. 
118*9, and dep. 146*9, now removing the decimal point in each, one place to the left we have diff. lat. 118*9 = 
11*89, and dep. 146*9 = 14*69; we do not require to use both the decimal places, but if, as in the case with 
both diff. lat. and dep., the second decimal figure amounts to 5, we add 1 to the first, and the diff. lat. thai 
becomes 11*9, and the dep. 14*7. 

The third course is N. 87 E., and distance 12*4; then 87° and dist. 124 (omitting the decimal point), give 
diff. lat. 06*5, and dep. 123*8; now dropping the tenths in each, viz., the 5 and the 8, and increasing the 
preceding figures by 1 in each case, as the tenths exceed 5, we have, after removing the decimal point one 
place to the left, diff. lat. 0*7, and dep. 12*4. 

Proceed in this way with the remaining courses, except the last, in which case the distance being more than 
300, we proceed as follows : — 

Course 76°, and dist. 300 give diff. lat. 72*6 and dep. 291*1 
,, ,, 06 „ 232 „ 93*1 

. • . Course 76 , and dist. 396 „ 95-8 „ 384*2 

Now, cutting off the last figure in each, the 8 and the 2, and removing the decimal point one place to the 
left, we have diff. lat. 9*6 (not 9*5, as the figure 8 which is dropped exceeds 5, one is added to ihe tenths), and 
dep. 38*4. 



In Traverse 



T-w* tt J Diff - !**■ V a N - \ »*«. f Course N. 88° E. ) mmAa __,, 
™* n ( and Dep. 1164 E. | *™ \ Dist. 116*' | made S 00 *' 

Latitude left 4 6°io'N. \ 

Diff. lat. 4 S. I The latitude in is found according 

( Rule XLVI, 2 , page 93. 

Lat. in 46 6N.) 

Examples for Practice. 

1. A ship from the Texel in lat. 52 58' N„ sails W. by N., 44 miles ; 8. by E M 45 miles ; 
W. by 8., 35 miles ; S.S.E., 44 miles ; W.S.W. J W., 42 miles ; find diff. lat. and dep., the 
course and dist. made good, also the lat. arrived at. 

2. A ship from Heligoland, lat. 54 12' N., sails W.S.W., 12 miles; N.W., 24 miles; 
S. by W., 20 miles ; N.W. by W., 32 miles ; S. by E., 36 miles ; W. by N. J N., 42 miles ; 
S.S.E. J E., 16 miles ; W. f N., 45 miles: required diff. lat. and dep., coarse and dist made 
good, also the lat. arrived at. 

3. A ship sails from lat. 3° 50' N., sails S.8.W., 112 miles ; S. by E., 86 miles; S.S.E., 
112 miles ; 8. by W., 86 miles : find diff. lat. and dep., the coarse and dist., made good, also 
the lat. arrived at. 

4. Yesterday we were in lat. 19° 8., and since then have sailed S.E. $ 8., 13 miles; 
8. by E., 19 miles ; S.E. by E., 22 miles ; E. by 8. £ 8., 32 miles ; N.N,E., 20 miles ; 
N. by W. i W., 27 miles; N.E. by E. } E., 24 miles; 8.W. J 8., 10 miles. 

5. A ship from lat. i° N., sails East, 8 miles ; E. } N., 20 miles ; S.E. by E., 33 miles ; 
8. i W., 3 1 miles ; N.E. J N., 43 miles ; South, 28 miles ; 8. | E., 2 1 miles ; 8. by W. J W., 
12 miles : required diff. lat. and dep., course and dist. made good, and also the lat. in. 

6. A ship from lat. i° 10' 8., sails E. by N. } N., $6 miles; N. J E., 80 miles; 8. by 
E. J E., 96 miles; N. J E., 68 miles ; E.S.E., 40 miles; X.N.W. J W., 86 miles; E. by 8., 
65 miles : find diff. lat. and dep., course and dist made good, also the lat. in. 

7. A ship from lat. 47 12' N., sails 8. 31 W., 16 miles ; N. 72* E., i3'-i ; 8. 52 W., 15' ; 
8. 44 E., i5'-i; N. 44 W., i 9 '*7; N. 77 E., n'*4; 8. 40 8 W., 16'; 8. i4°E., 6'; required 
the course and dist. made, the lat. arrived at, and the dep. made. 

8. Since leaving lat. 34 1 1' N., we have sailed the following courses :— N. 36 W., 27' ; 
N. 24° E., 30' ; 8. 75 W., 47'; S. 8o° W., 29' ; N. 72' W., 42' ; N. 78* W M 34'; 8. i2<- E., 
28' ; required the course and dist. made, the lat. arrived at, and the dep. made. 

9. Since leaving lat. 36° 35' S., the ship has sailed N. 84° W., 18'; N. 89 W., 3o'*4; 
N. 67° W., 29*9 ; N. 39 W., 33 '* 9 ; N. 8° W, 25^9 ; N. 73- W., 34 '- 9 ; N. 86° W., 44''7 J 
8. 65* E., 56' ; required the lat. arrived at, and the course and dist. made good. 

10. A ship sails from lat. i° 46' N., on the following compass courses, viz., S.W. f W., 
62 miles ; 8. by W., 16 miles ; W. f 8., 40 miles ; S.W. f W., 29 miles ; 8. by E., 30 miles; 
and S. J E., 14 miles : required the lat. arrived at, and the course and dist. made good, the 
variation of the compass being 21 J° W. 



PARALLEL SAILING. 



248. When two places lie on the same parallel of latitude, or due east or 
west of each other, the distance between them estimated along a parallel, or 
E. and W. (which is all departure) is converted into difference of longitude ; 
or, on the other hand, the difference of longitude is converted into distance 
by Parallel Sailing. 

Since the meridians are all parallel at the equator and meet at the poles, the distance 
between any two meridians, measured east and west, is less as the latter is greater — that is, 
the absolute number of miles, or of feet, in a degree of longitude, is less as the latitude in 
which they are measured is greater. Hence, also, a given number of miles between two 
meridians corresponds to a greater difference of longitude, as the latitude in which they 
are measured is greater. Eor example, two places in lat. io° and distant 60 miles east and 
west from each other, hare 6o'*q. diff. long. In lat. 6o° N. or S., two places similarly 
ritnated have 2 o' diff. long., while at 73 the diff. long, is 3 25'. Questions of this kind 
are solved by Parallel Bailing. 

249. Given the departure made good on a given parallel of latitude, to 
find the diff. of long, corresponding thereto. 

EULE LXIX. 

i°. Take out of the Tables the log, secant of latitude f rejecting 10 from index), 
*nd the log. of departure made good. 

2 . Add these logs, together, and find the nat. number corresponding thereto. 
The result is the difference of longitude required. 

250. In parallel sailing the latitude being constant, the difference of 
longitude bears a constant ratio to the distance, and all problems may be 
completely solved by the solution of a right-angled plane triangle, and 
therefore by inspection of the Traverse Table by 

EULE LXX. 

With the latitude of the parallel as a course, and the distance sailed on it as 
difference of latitude, the corresponding distance, in the Traverse Table, is the 
difference of longitude. 

Examples. 

Ex. 1. In lat. 29 51' S., the dep. made 
good 161 miles : required the diff. of long. 

Lat. 29 51' Secant 0-061815 

Dep. 161 Log. 2*206826 



Log. 2*268641 
Diff. of long. 185-6. 
By Inspection. 

. In Traverse Table n, lat. 30° as course, dep, 161'x 
in lat column, give diff. long. 186 miles in diet. col. 



AA 



Ex. 2. A ship sailed 94*6 miles on the 
parallel 64° 38' N.: required the diff. long. 

Lat. 64 38' Secant 0*368141 

Dep. 94*6 Log. 1*975891 

Log. 2-344032 
Diff. of long. 220*8. 
By Inspection. 

In Traverse Tabic II, lat. 64 as course and dep. 
94*7 give diff. lat. in dist. column 216 miles; and 
course 65 , and dep. 94-7, give diff. long, in dist. 
column 224 miles ; therefore the diff. long, for 64ft 
will = 216 4- 224 -f 2 = 220 miles. 
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Ex. 3. From long. o° 59* W. the dep. 
made was 125 East, on the parallel of 52 : 
required the long. in. 

Lat. 52 Secant 0*210658 

Dep. 125 Log* 2*096910 



Diff. long. 6,0)20,3 



Log. 2*307568 



3 23 = 3° 23' E. 
Long, left o 59 W. 



'Long, in 2 24 E. 



Ex. 5. In lat. 71 25' N., the dep. made 
good was 71 J miles: required the diff. of 
long. 

Lat. 7 1° 25' Secant 0*496640 

Dep. 71*25 Log. 1*852785 



Ex. 4. A ship from long. 179 ao* W. 
sails 109 miles West, on the parallel of 
6i° 25' ; what is the long, in P 

.Lat. 6i° 25' Secant 0*320176 

Dep. 109 Log. 2*037236 

Log. 2*357602 
Diff. of long. 227*8 W. 
6,0)22,8 3°48'W. 
179 20 W. 

3 48 

Long. in. 183 8 W. 

360 o 

or 176 52 E. 

Ex. 6. In lat. 8o°, the dep. made good 
was 80 miles : required the diff. of long. 

Lat. 8o° Secant 0*760330 

Dep. 80. Log. 1*903090 

Log. 2*663420 
Diff. of long. 460*7. 





Lat. in. 


Dep. 




Lat. in. 


I. 


6° 7'N. 


249' W. 


7- 


64°i6'N. 


2. 


19 48 S. 


324 E. 


8. 


51 28 S. 


3* 


39 57 N. 


398 W. 


9- 


37 N. 


4. 


51 17 N. 


294*8 W. 


10. 


60 S. 


5- 


60 N. 


74 W. 


11. 


11 15 N. 


6. 


46 37 S. 


35-* E. 


12. 


54 53 s * 



Log. 2349425 
Diff. of long. 223*6 nearly. 

Examples fob Pbaotice. 

In each of the following examples the difference of longitude is required : — 

Dep. 

26 5 '* 7 W. 

70*9 E. 

94 W. 
204 E. 

365 w. 

342 E. 

251. The method of parallel sailing will apply correctly enough for all 
practical purposes to cases where the course is nearly east and west (true). 
In latitudes not higher than $°, when the distance does not exceed 300 miles, 
the departure may be be used at once for the difference of longitude, the 
resulting error scarcely exceeding one mile. 

252. Given the difference of longitude of two places on the same parallel, 
to find their distance as measured along the parallel. 

EULE LXXL 

To the log. of the diff. of long, add the cosine of lat. ; the sum (neglecting 10) 
is log. of the distance required. 

Example. 

Ex. 1. Required the distance between St. Abb's Head, in latitude 55 55' N., longitude 
2° 10' W., and Uraniberg in the same latitude, but in longitude 12 52' E. 

Longitude of St. Abb's Head 2 10' W. 
Longitude of Uraniberg 12 52 E. 

15 2 
60 



Difference of longitude 902 miles. 

Log. distance = log. diff. long. -|- log. cosine lat. 
Log. diff. long. 902 = 2*955207 
Log. cos. lat. S5° SS' = 9*74 8 497 

Log. distance 505'*5 = 2*703704 



10. 
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253. Given the meridian distance and difference of longitude to find the 
latitude. 

EULE LXXII. 

From the log. of meridian distance (adding 10 to the index) subtract the log. of 
iiff. long. ; the remainder is the log. cosine of the latitude. 

Example. 

Ex. 1. From a place in longitude 3 12' W., a ship sails due East 246 miles, and by 
obsamtion is found to be in longitude 4 8' E. : required the latitude of the parallel on 
which she sailed. 



Cos. lat. = 



By Calculation. 
mer. diet. Long, left 3° 12' W. 

diff. long. Long, in 4 8 E. 

D. long. 7 20 = 440 miles. 



Mer. diet. 246 log. (+ IO ) I2 '39°935 
Diff. long. 440 log. 2643453 

• 

Lat, 56 o' cos. 9-747482 

By Inspection. 

Knee the diff. long, given, 440, exceeds the distance given in the Traverse Table, its half 
ii taken, and also the half of the meridian distance 246, these are 220 and 123 respectively. 
Entering the tables with 220 as distance, and 123 as diff. lat., we find, on searching the 
table, these quantities, in their respective columns, on the page with 56 at the bottom ; 
hence the latitude sought is 56 . 

Examples foe Practice. 

1. Required the compass course and distance from A to B. 

Given lat. A 52 15' S. ; var. 1 J points W ; long. A 37 30' W. 
B52 15 S.; dev. 8 5o'W.; B 48 18 W. 

2. A and B lie on the parallel of 5 8° 30' K. 

Given long. A 15 12' E. 
B 13 18 W. 
What is the distance between them in nautical miles. 

3. Define a great circle and a small circle of a sphere, giving an example of each. What 
connection is there between the tropic of Cancer and the Arctic Circle ? 

4. Required the compass course and distance from A to B. 

Lat A 28 40' N. ; var. 1} points W. ; long. A 2 20' E. 
B 28 40 N. ; dev. 8° 50' E.; B 4 10 £. 

5. In what latitudes are the lengths of a degree of longitude 30 and 20 miles respectively ? 

6. In travelling 35 nautical miles on the parallel of 55 25' N., how much do I change 
my longitude P 

7. Find the true course and distance from A to B. 

Lat. A 54 25' 8. ; long. A 15° 30' E. 
B54 25 8.; B 9 15 W. 






"\ 



MIDDLE LATITUDE SAILING. 



254. Middle Latitude Sailing is a method founded on the principle of 
parallel sailing, converting Departure into Difference of Longitude, and the 
Difference of Longitude into Departure, when the ship's course lies obliquely 
across the meridian, that is, when besides departure she makes difference of 
latitude. 

Suppose a ship, in going on the same course, from latitude 40 to latitude 44°, makes 100 
miles departure: this departure, if made good altogether in latitude 40 , would give 130*5 
difference of longitude by Rule LXIX, page 177 ; and again, if made good in latitude 44°, 
it would give 139 difference of longitude. Now, since the ship has sailed between these two 
parallels, and not on either of them exclusively, her real difference of longitude must be 
between 130*5 and 139, and therefore we may conclude it to be not far from that which 
would result from a departure made good altogether in the middle parallel ; hence the name 
Middle Latitude Sailing. Middle latitude sailing, then, is founded on the consideration that 
the arc of the parallel of middle latitude of two places intercepted between their meridians, 
is nearly equal to the departure. If we conceive the ship to sail along this middle parallel, 
we may apply the principle of parallel sailing to the cases in point. In parallel sailing the 
departure (or distance) and difference of longitude are connected by the relation, dep. = 
diff. of long. X cos. lat. "When the ship's course lies obliquely across the meridian, making 
good a difference of latitude, a modification of this formula gives the formula for middle 
latitude sailing, dep. (nearly) = diff. of long. X cos. mid. lat. ; or, in logarithms, log. dep. 
= log. diff. of long. + log. 00s. mid. lat. — 10. Middle latitude sailing has thus the same 
two cases as parallel sailing, and accordingly the rules for inspection and computation 
already given, Rule LXIX, page 177, apply equally to this sailing, observing merely to 
read middle latitude for latitude. 

255. To find the latitude and longitude in, the course and distance from 
a known place being given, by Traverse Table and Middle Latitude. 

EULE LXXTTT. 

i°. With the given course and distance enter the Traverse Table, and take out 
true difference of latitude and departure (see Rule LXVI, page 167). 

2 . With difference of latitude and latitude from, find latitude in (see Rule 
XLVI, page 93). 

3 . Get the middle latitude, as directed, Rule XL VII, page 93. 

4 . With the middle latitude as course, look in the difference of latitude 
column for the departure, the corresponding distance at the top is the difference 
of longitude. 

5 . With difference of longitude and longitude from get longitude in, as in 
Rule XLIX, page 95. 

Note. — When the departure to be looked for as difference of latitude at the middle latitude, 
is beyond the limits of the Table, one-half, one-third, &c, must be used, and the resulting 
difference of longitude multiplied by the divisor, in order to get the whole difference of longitude. 
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Examples. 

Ex. i. A ship from lat 52 6' N., bug. 35° 6' W., failed 8.W. by W., 256 miles: 
required her latitude and longitnde in. 

2)212*9 



6,0)14,2 
2 22 



Diff. lat 2° 22' S. 
Lat from 52 6 N. 



Lat. in 49 44 K. 

2)101 50 
Mid, lat 50 S5 



£ dep. 106*4 




106 

miles. 

din!, long. 338. 

6,0)33,8 
5~38 



ong. 
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5° 38' W. 
Long, from 35 6 W. 

Long, in 40 44 W. 



-Erpfcwwtam.— The difference of latitude and departure axe found as described in Bole LXVL, page 167. 
Die Latitude in is found by Rule XLVL, page 93 ; and thenoe the middle latitude, by adding the latitude 
from and latitude hi together, and divided by 2 (see Rule XL VII, page 93). The departure exceeding the 
limits of the Tables, the half is taken. Then with middle latitude as a course, and half the departure, in 
Menace of latitude column, half the difference of longitude is found in the distance column. This being 
doubled (as half the departure was taken) and divided by 60, gives the difference of longitude expressed in 
degrees and minutes. The ship is in West longitude, sailing West, add diflerenoe of longitude to longitude 
left to obtain longitude in (Rule YTiTX, page 95). 

This is the usual ease at sea of Working the Day's Work. 



Ex. 2. A ship from lat 48° 27' 8., and long. 29 12' W., sails 8.E. by S., 22-5 miles: 
required the latitude in, also the longitude in. 

Course 8.E. by 8. = 3 pts. ; then 3 pts. and dist 22*5 give diff. lat. 18*7, 

and dep. 12-5 (see Bole LXVI, page 167). 



o° 19' 8. 



Diff. lat. 

Lat from 48 27 8 

Latin 48 46 8. 

2)97 13 






Mid. Ut 48 36 J * 



P' 






Mid. lat. 48$° as course, and dep. as diff. lat give 
in dist. column 19 miles, which is the ~" 



1 diff. of long. 



Diff. long. o°i9'E. 
Long, left 29 12 W. 

Long, in 28 53 W. 
(The long, in is found by Rule XLLX, page 95). 



Ex. 3. A ship from the Lizard, in lat 49° 57' N., sails W.S.W., 163 miles, variation 2} 
points W. : required the latitude come to, and difference of longitude. 

W.8.W. by compass is (allowing 2 J points westerly variation) S.W. J 8. true, which 
in Table LI, and dist. 163, gives diff. lat. 126, and dep. 103*4. 



6,0)12,6 
2 6 



or 2 6' 8. 
Lat left 49 57 N» 

Latin 47 51 N. 

2)97 48 



Then mid. lat. 48 54', say 49°, as a course, and 
and dep. 103*4, found in the lat. column, opposite 
to which, in the dist column, is 158, nearest, the 
diflerenoe of longitude. 



Mid. lat 48 54 
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Ex. 4. Lat. from 59 o' N.» long, from 3° 33' E., course S.E. by E. f E., distance 19 1 miles. 

Course 5} points, distance 191 miles (in Table I) give (lift lat. 81*7 and dep. 172-7. 

D. Lot. By Calculation. 

6,0)8,1*7 Mid. lat 58°i9' sec 0*279655 

Dep. 172*7 log. 2*237292 

1 217 or i°22'S. 

Lat. from 59 o N. log. 2*516947 

Lat. in 57 38 N. D. long. 328-8 

116 38 6,0)32,8*8 

Mid. lat. 58 19 5°a8"8 

By Inspection. 



5«° 

Dep. 159*0 give D. long. 300 
138 „ 26 



59° 

Dep. 1545 give D. long. 300 
180 „ 35 



i7 2 '8 •> 3*6 ! 1725 „ 335 

D. long, for middle lat. 58^ is 326 
1* » 59 >» 335 



Diff. for i° of mid. lat. 9 

60' (or i°) : 19' : : 9 D. long, for mid. lat. 58" is 326 

9 Corr. for 19' (over 5 8°) + 2 ' 8 

6,0)17,1 D. long, for mid. lat. 58° 19' is 328*8 

JUmark.—WhvD. the mid. lat. is high and between two whole degreed, and also the dep. great as in this 
example, the diff. long, is best found by mid. lat. 

Ex. 5. Sailed from A, in lat. 50 48' N., long. 1° 10' W., S. 41 E., 275 miles. 

Entering Traverse I'able II with out. 275 miles, and course 41°, the true diff. lat. is 207**5 
or 3 27 '*5 S. ; applying this to lat. from, the lat, in is 47 ° 20**5 N. The corresponding dtp. 
is taken out at the same opening, which is i8o'*4. The mid. lat., or half sum of lat. from 
and lat. in, is 49 to the nearest degree. The dist, corresponding to 49 as a course, and 
180**4 in diff. lat. column, is found to be 275', in degrees 4* 35' E., which is the diff. long. 
Applying this to the long, from, i°io' W., we have the long, in 3 25' E. 

Examples fob Practice. 

In each of the examples following, the latitude and longitude arrived at 
are required to be found, having given the latitude and longitude from, with 
the course and distance sailed. 





Lat. from. 


Long. from. 


Course. 


Disk 


I. 


*5°35'N. 


6o° o'W. 


E.N.E. 


296 


2. 


32 30 N. 


25 24 W. 


N.W. by W. i W. 


212 


3- 


39 3° s - 


74 20 E. 


8.W. by W. £ W. 


210 


4- 


46 24 8. 


178 28 E. 


S.E. J E. 


278 


5- 


20 29 N. 


179 10 W. 


W. by S. i 8. 


333 


6. 


56 N. 


29 50 W. 


S. 47 E. 


168 



MERCATOR'S SAILING. 



256. Hercator's Sailing, like middle latitude sailing, relates to finding 
the difference of longitude a ship makes when sailing on any oblique rhumb, 
and is a perfectly general and rigorously true method, which the other is not. 

Mercator's sailing is characterised by the use of the Table of Meridional parts, 
and the chart constructed by means of it called Mercator's chart With the 
assistance of this Table, the rules of plane trigonometry suffice for the solution 
of all the problems. 



In the triangle AOB let A be the course, 
AB the distance, AC the true difference of 
latitude, GB the departure; then corres- 
ponding to AC, the Table of meridional 
parts gives AC, the meridional difference 
of latitude, and completing the right- 
angled triangle AC'B', C'B will be the 
difference of longitude. In addition, then, 
to the three canons of plane sailing which 
can he deduced from the triangle ACB, 
the triangle ACB' gives the characteristic 
canon of Mercator's sailing (since C'B' = 
AC tang. A) diff. long. = mer. diff. lat. X 
tang, course. 



257. Given the latitudes and longitudes of two places, to find the course 
and distance between them. 

EULB LXXIV. 

i°. Find the true difference of latitude, according to Bule XLIY, page 91. 

2 . Find the meridional difference of latitude, Bule XLV, page 92. 

3°. Next find the difference of longitude, Bule XLVJLLl, page 94. 

4 .* To find the course. — From the log. of diff. of longitude (increasing its 
index by 10 J, subtract the log. of meridional diff. of lat. : the remainder is the 
tangent of course, which take out of the tables, and place before it the letter of diff. 
of lat., and after it the letter of diff . of long. 

5°. To find the distance. — To the secant of course (rejecting 1 o from the index), 
sdd the log. of diff of lat. : the sum is. the log. of distance, the natural number 
corresponding to which find in the Tables. 




• From the formula : — 
w Diff. long. 

Tang, course = ySrSSA/SJL 

_. True diff. lat. 

Dist. ZZL ~~r%~~ ~~ " 

Cos. course 



. ■ . log. tang, course — 10 = log. diff. long, 
log. mer. diff. lat. 

. ' . log. diet. = log. true diff. lat. + 
log. sec. course — 10* 
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Ex. i . Required the course and distance from Tynemouth Light to the Naze of Norway. 



Lat. Tynemouth $f i' N. 
Lat. Naze 57 58 N. 

* 57 
60 



Mer. parts 3970 
Mer. parts 4291 

Mer. diff. lat. 321 



Long. Tynemouth i° 25' W. 
Long. Naze 7 2 £. 

8 27 
60 



Diff. of lat 177 N. 

To find the Couth. 
Diff. long. 507 Log. (+ 10) 12-705008 



Mer. diff. lat. 321 



Log. 2-506505 



Tang. 10*198503 
Course N. 57 40' E. 



Diff. of long. 507 E. 

To find the Distance. 
Course 57 40' Secant 0*271773 



Diff. of lat. 177 



Distance 331. 



Log. 2-247973 
Log. 2519746 



Ex. 2. Required the course and distance from A to B. 



Lat. A 
Lat. B 



5i°23'N. 
48 *3 N. 



3 o 
60 



Mer. parts 3606 
Mer. parts 3326 

Mer. diff. lat. 280 



Diff. of lat. 180 S. 

Diff. long. 300 Log. (+ 10) 12-477 121 
Mer. diff. lat. 280 Log. 2-447 158 

Tang. 10*029963 
Course S. 46* 58J' E. 



Course 46° 58 J' 
Diff. lat 180 



Long. A 
Long. B 



9°29'W. 
4 29 W. 



5 ° 
60' 



Diff. of long. 300 E. 

Secant 0*166014 
Log. 2-255273 



Log. 2*421287 
Distance 263-8. 



Ex. 3. Required the course and distance from Cape Bajoli to Cape Side. 



Lat Cape Bajoli 40 1' N. 
Lat. Cape Sicie 43 3 N - 

3 * 
60 

Diff. of lat. 182 N. 



Mer. parts 2624 
Mer. parts 2867 

Mer. diff. lat. 243 



Long. Cape Bajoli 3° 48* E 
Long. Cape Side 5 51 E- 

*• 3 
60 

Diff of long. 123 E. 



Diff. long. 123 Log. (+ 10) 12*089905 
Mer. diff. lat. 243 Log. 2- 385606 

Tang. 9*704299 
CouneN. 26 5i'E. 



Course 26* 51' 
Diff. lat 182 



Secant 0*049542 
Log. 2*260071 



Distance 204. 



Log. 2*309613 



Ex. 4. Required the course and distance from Cape Formosa to St. Helena. 



Lat. Cape Formosa 4 3 »5*N. 
Lat St. Helena 15 SS 8. 



20 10 
60 



Mer. parts 255 
Mer, parts 968 

Mer. diff. lat 1223 



Diff. of lat. 12x0 S. 

Diff. long. 716 Log. (+ 10) 11*854913 

Mer. diff. lat 1223 Log. 3087426 

Tang. 9-7674*7 



ConrseS 



Tang. 

i. 30 21' W. 



Long. Cape Formosa 6° n' E. 
Long. St. Helena 5 45 W. 

11 56 
60 



Diff. of long. 716 W. 



Course 30 21' 
Diff. of lat 1210 



Secant 0-064012 
Log. 3082785 



Distance 1402. 



Log- 3H6797 
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£x. 5. Required the course and distance from Bahia to Fernando Po. 
Let Bahia 13 i'S. Mer. parts 788 Long. Bahia 



Lai. Fernando Fo 3 48 K. 

16 49 
60 



Mer. parts 228 
Mer. diff. lat. 1016 



38 32' W. 
Long. Fernando Po 8 43 E. 

47 15 
60 



Diff. of lat. 1009 N. 

Biff. long. 2835 Log. (+ 10) 1 3*45*553 
Mer. diff. lat 1016 Log. 3*006894 

Tang. 10445659 
Course N. 70 17' E. 



Course 7c 17' 
Diff. of lat. 1009 



Diff. of long. 2835 E. 

Secant 0-471895 
Log. 3*003891 



Log. 3*475786 
Distance 2991. 



Ex. 6. Required the course and distance from A to B. 



Lat A 
LetB 



44°44' 8. 
SS 55 N. 



100 39 
60 



Diff. of lat 6039 N. 



Mer. parts 3007 
Mer. parts 4065 

Mer. diff. lat. 7072 



Long. A 
Long. B 



i 4 8°3 9 'W. 
44 44 E. 

*93 2 3 
360 o 



166 37 
60 



Diff long. 9997 Log. (+ 10) 13*999870 
Mer. diff. lat. 7072 Log. 3*849542 



54*43' 



Tang. 10*150328 
210 



446)11800(26 
892 



Di£ of long. 9997 W. 

Course 54 43' o" Secant 0*238358 

Parts for 26* 77 

Diff. of lat 6039 Log. 3*780965 

10457 Log. 4*019400 

116 



2880 
2676 



Distance 10457 nearly. 



416)2840(7 



Course N. 54 43' 26* W. 



Ex. 7. Eequired the course and distance from Cape East, New Zealand, to Cape Horn. 



lat Gape East 
I*t. Gape Horn 



37°4*'S. 
SS 59 S- 

18 17 
60 



Mer. parts 2445 
Mer. parts 4072 

Mer. diff. lat. 1627 



Long. Cape East 
Long. Cape Horn 



17 8° 40' E. 
67 16 W. 



Diff. of lat. 1097 S. 



*45 56 
360 


114 
60 


4 



Biff. long. 6844 Log. (4- 10) 138353x0 
Mar. diff. lat 1627 Log. 3*211388 



7«°37' 



Tang. 10*623922 
SS* 



935)36400(39 
2805 



Course 7 6° 37' 0* 
Parts for 39* 
Diff. of lat. 1097 



Diff. of long. 6844 E. 

S«eant °*°355i5 

345 
Log. 3*040207 



8350 
*4*5 



Distance 4743*2 nearly 



3*676067 
53 

92)140(2 



Course S. 76 37' 39* E. 
BB 
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EXAHFLBS FOB PrAOTIOE. 

Required the coarse and distance from A to B in each of the following 
examples. 





LATITUDE. 


LONGITUDE. 




LATITUDE. 


LONOITUDB. 


I. 


A 38 14' N. 


A 2° 7'E. 


11. 


A 35 14' S. 


A 


75° 


'30' E. 




B 39 5* N. 


B 4 18 E. 




B 18 23 S. 


B 


12 


2 E. 


2. 


A 49 53 N. 


A 6 19 W. 


12. 


A 4 24 N. 


A 


7 


46 W. 




B 48 28 N. 


B 5 3 W. 




B 8 48 S. 


B 


13 


8 E. 


3- 


A 53 18 N. 


A 55 E. 


'3- 


A 57 43 8. 


A 


10 


37 E. 




B 57 58 N. 


B 7 3 E. 




B 55 35 S. 


B 


1 


28 W. 


4- 


A 50 4 N. 


A 541W. 


14. 


A 55 40 N. 


A 


2 


25 w. 




B51 25 N. 


B 929W. 




B 50 25 N. 


B 


3 40 E. 


5- 


A 64 30 N. 


A 4 20 W. 


'5- 


A 6 11 N. 


A 


80 


15 w. 




B6040N. 


B 10 E. 




B 6 S. 


B 


39 


16 w. 


6. 


A 22 55 8. 


A 43 9 E. 


16. 


A 55 28 N. 


A 


1 


9 E. 




B 34 22 S. 


B 18 29 W. 




B 57 58 N. 


B 


7 


3 E. 


7- 


A 54 54 S. 


A 60 28 W. 


17- 


A 35 5* 'S. 


A 


138 


54 E. 




B 34 22 8. 


B 18 24 E. 


/ 


B 38 52 N. 


B 


165 


53 W. 


8. 


A 45 15 N. 


A 35 26 W. 


18. 


A 15 30 N. 


A 176 


34 E- 




B 47 10 N. 


B 32 15 W. 




B 15 30 8. 


B 


176 


34 W. 


9- 


A 34 22 S. 


A 18 29 E. 


19. 


A 22 22 S. 


A 


122 


22 W. 




B 15 55 S. 


B 543W. 




B 33 33 N. 


B 


III 


11 E. 


10. 


A 49 57 N. 


A 5 12 W. 


20. 


A 17 N. 


A 


l80 


E. 




B 36 58 N, 


B 25 12 W. 




B 20 N. 


B 


l6l 


E. 


31. 


Bequired the compass course and distance from A to B. 










Lat. 


A 33 18' 8.; long, A 


72 o'W.; var. 16 0' E. 









B 42 3 8. ; B 173 30 E. ; dev. 9 25 E. 

258. To find the latitude and longitude in, having given the latitude from, 
the longitude from, and the course and distance between the two places bj 
Traverse Table and meridional parts.* 

RULE LXXV. 

i°. With given course and distance enter the Traverse Table and take out the 
corresponding true difference of latitude, Rule LXYI, page 167, from which 
and latitude from find latitude in, as in Rule XL VI, page 93, and then 
meridional difference of latitude, as in Rule XLV, page 92. 

2 . — At the given course look in the column of the true difference of latitude 
for the meridional difference latitude; the corresponding departure will he the 
difference of longitude, from which and the longitude from find £A* longitude 
in, as in Rule XLIX, page 95. 



* The general method of solution by "meridional parts/' is from the formula: — 

True diff. lat = diet. X cos. course. 

. • . log. true diff. lat, = log. dist. + log. cos. course — 10. 

Diff. long. = mer. diff. lat. X tang, course. 

.* . log. diff. l*mg % = log. mer. diff. lat. + log- tang, course — 10, 



Mfircator's Sailing. 



i8 7 



Examples. 

Ex. 1. A ship from lat. 55 1' N., long. i° 25' W., sails S.S.E. J E., 246 miles : required 
the 1st. in and long. in. 

Entering Traverse Table II, with course S. 2 J points E., and distance 246, we obtain 
diff. lat. 217*0, and dep. n6*o. 



6,0)21,7 



3° 37' 



Lat. left S5° *' N - 
D. lat. 3 37 S. 



Lat. in 



5* 24 



N.rc 






On 



.3 C9 
(4 



Mer. parts 3970"] 
Mer. parts 3607 t> . 

Mer. diff. lat. 363 f «a> 

— I 8 * 
mer. diff. lat. 181-5 J 



£mer. 

The course 2 J points, and half mer. diff. lat. 181*5 (^ a ^ n *« kk column), the nearest found 
in the Table is 181*7, the corresponding departure is 97*1, which multiplied by 2 (having 
imded mer. diff. lat. by 2) gives diff. long. 194*2 miles. 

6,0)19,4*2 Long, left i° 25' W. \ 3 ^ ^p t^ing j0 2 j V-) or 85' West of 

D. long. 3 14 E. f 3^- Greenwich, must evidently be in East 

. l rt k longitude, after having sailed 194 miles to 

Long, in 1 49 E. ) $ the ifia8twud (*« Rule XLIX, page 95). 



3° 14' 



Ex. 2. A ship from lat. 42 36' S., long. 17 8° 43' E., sails S.E. J E., 299 miles ; find lat. 

in and long. in. 

Course 4^ points, and dist. 299, give diff. lat. 178*1, dep. 240*2. 

6,0)17,81 Lat. left 42 36' SO £ Mer. parts 2830') ^ 
D. lat. 2 58 S. ! S ^ Mer. parts 3078 | ^ . 



2 58' 



Lat. in 45 34 8. 



I Ma 



It 



Mer. diff. lat. 2)248 



«4. 



1 
I 



Course 4* points, and half mer. diff. lat. 124 (in diff. lat. column), give in dep. column 
167*1, which doubled is 334*9, the diff. long. 

6,0)33,4-2 Long, left i78°43'E. ^ 

D. long. 5 34 E. 



5° 34 



a 






184 17 E. }jsi 



360 



Long, in 175 43 W., 



to 



Ei. 3. From lat. 50 48' N., and long. i° 10' W., sailed S. 41 E., 275 miles : required 
the lat. in and long. in. 

In the Traverse Table at the distance 275, and course 41°, the corresponding true diff. lat. is 207*5, or 
J 9 *7'5, which being subtracted from 50° 48' N., the lat. in is 47 2o'*5 N. ; taking out the mer. part* for 5o°48', 
udjf 2o'*5, the mer. diff. lat. is found to be 317, to half which as a true diff. lat. t and the course 14°, the 
*?. is 1378, twice which is 275*6,— that is, the diff. long, is 4 36' E. : hence the long, in is 3 26' E. 

» 

Ex. 4. From lat. 50 30' K., and long. 37 55' W., sailed S.W. { S., until arrived at lat. 
5> 9 ig N. 



I*t. ftom 50 30' N. 
latin 52 15 N. 



Mer. parts 3521 
Mer. parts 3690 

Mer. diff. lat. 169 



6,0)12,5-4 



*°5 



Course ${ points, and mer. diff. lat. 
in diff. lat. column, give in dep. column 
125-4, which is the diff. long. 

Long. left. 37 SS W. 
D. long. 2 5 W. 

Long, in 40 o W. 



Examples fob Pbaotioe. 

For examples for practice in this problem take those given in middle 
latitude sailing at page 1 82. 



x8S Mercator 9 8 Sotting. 
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REMARKS ON MIDDLE LATITUDE AND MERCATOR'S 

SAILINGS. 

259. "The difference of longitude found by middle latitude is true at the 
equator, and very nearly true for short distances in all latitudes, especially when 
the course is E. or W. In high latitudes, when the distance is great and the 
course oblique, the error becomes considerable ; but the result may be made 
as accurate as we please by sub-dividing the distance run into small portions, 
and finding the difference of longitude for each portion separately. The 
difference of longitude deduced by middle latitude sailing is too small : an 
estimate of the error for places on the same side of the equator may be formed 
by the help of a few cases. Suppose the course 4 points or 45 , and the 
difference of latitude io° or 600' ; then if this difference of latitude is made 
good in any latitude below 30 , the error of the difference of longitude will 
not exceed 2 ; if made good between the parallels of 40 and 50°, the error 
will be about 3' ; and between 6o° and 70 about 1 9', or £ of a degree. For 
smaller distances the errors will be much less, and for greater distances 
much greater, as they vary in much more rapid proportion than the distances. 
It has been observed before that when the course is large, the difference of 
longitude should be found by middle latitude in preference to Mercator's 
sailing ; because, although the latter is mathematically correct in principle, 
yet a small error in the course may, when the course is large, produce a 
considerable error in the difference of longitude. The reason of this is easily 
shown. In middle latitude sailing we convert the departure into difference 
of longitude. The process increases the departure in a proportion which 
is less than 2 to 1 in all latitudes below 6o° ; and exceeds 3 to 1 in all latitudes 
beyond 70 . The error of the departure, increased in the same proportion, 
becomes thus the error of difference of longitude. Now when the course is 
nearly E. or W., the departure is nearly the same as the distance, and an 
error of some degrees in the course does not affect the departure sensibly ; 
hence in this case the error of the difference of longitude depends on that of 
the distance alone. But in Mercator's sailing, on the other hand, we convert 
the meridional difference of latitude into difference of longitude, and the process, 
when the course is large, converts a given meridional difference of latitude 
into a difference of longitude much greater than itself; and thus increases 
the error of the meridional difference of latitude in the same proportion. 
Thus, for example, at the course 8o°, the difference of longitude exceeds the 
meridional difference of latitude in the proportion of 6 to 1 ; at the course 8$° 
this proportion is 1 1 to 1 . Now, when the course is large, a slight change 
in it sensibly affects the difference of latitude, and also the meridional 
difference of latitude, which is deduced directly from it. In high latitudes 
the meridional parts vary rapidly, and the error of the difference of longitude 
is increased accordingly; hence the precept more especially demands attention 
in high latitudes." — Roper's Practice of Navigation, pp. 103, 104. 



THE DAY'S WORK. 



260. This is the process of finding the ship' 8 place at noon — that is, its latitude 
and longitude, having given the latitude and longitude at noon preceding, or a 
departure taken since, the compass courses and distances run in the interval, 
the leeway (if any), variation and deviation (if any), direction and rate of 
current (if any), &c, &c. 

RULE LXXVI * 
\°. Correct each course for leeway, variation and deviation (see Rules 
L to LV, pages 104 to in), which arrange in the tabular form as in the 
example following. Add together the hourly distances tailed on each course, and 
insert the same in the Table, opposite the true course. 

Departure Course. — When a departure has been taken, consider the opposite to 

the bearing as a course, which correct for variation, and the deviation due to 

the direction of the ship's head when the bearing was taken, and insert in 

the Table as an actual course, with the distance of the object as a distance. The 

departure course is generally put down in the Table as the first course. See No. 

232, page 139. 

As the ship leaves the land, the bearing (by compass) of some prominent object or known 
headland is taken, and its distance is generally estimated by the eye ; this process is called 
"taking a departure." The latitude and longitude of the landmark are known ; and thence, 
by supposing the ship to have sailed on a course the opposite to the bearing of the object, 
through the distance that object is off, we thus obtain, on commencing a voyage, a deter- 
minate starting point, from whence to reckon the subsequent courses and distances. Thus, 
supposing for example a ship leaving the Tyne observes Tynemouth Light dipping, and 
setting it, finds its bearing to be W. by N., distant (by estimation) 20 miles. Now in sailing 
from Tynemouth light to the present position of the ship, she whould have to sail in the 
oppotite direction to the bearing of the lights, viz., E. by S., 20 miles. At the end of the 
day, the Bay's Work gives us a change of the ship's place as referred to the landmark, and 
not the supposed position. For methods of determining the distance, see Helper's Practice of 
Navigation, on Taking Departures, ch. IV, pp. 114 — 122. 

Current Course. — The set of a current is to be corrected for variation only 
fhing correct magnetic), and inserted in the Table as a course ; the drift being 
taken as a distance. The current course is generally inserted in the Table as the 
last course. 

2 . Take out of the Traverse Tables (Table I or II, Eaper or Norie) the 
difference of latitude and departure to each course and distance (see Rule 
LXYI, page 167), and proceed to find the difference of latitude and departure 
made good as directed in Rule LXVULl, page 172, Traverse Sailing. 

3 . Find the course and distance made good (see Rule LXVil, page 170). 

4°. Find the latitude in by applying the difference of latitude to the latitude 

from (see Rule XLYI, page 93). 

If a departure has been taken; the difference of latitude is to be applied to latitude of the 
point of land ; if otherwise, to yesterday's latitude. 

* Nearly the entire process of computing the Day's Work has already been given, and 
if the learner has thoroughly mastered the rules laid down in the preceding pages, he will 
find bo difficulty in working the Day's Work without reference to them. 



Not*. — Whan the conrteia leas than 5 point* or 36", the difference of longitude maybe 
found by either or both Middle Latitude or Mercatar'e method, but if the coarse exceed* 5 
points the method of Middle Latitude should be used in preference to Mercator'i (see Eemarlt 
in page 188). 

5 . To find the difference of longitude. — By Middls Latitude Sailing. 

(a) Find the middle latitude as directed, Rule XL VII, page 93. 

(b) Next at the page of Irauerte Table on which the degrees fat top or bottom} 
correspond to middle latitude, find the departure tn a difference of latitude 
column, then the corresponding distance i» the difference of longitude (see Bole 
T.XXTTT, +°, page 180). 

When the latitude left and latitude in are of contrary names, that is, in low latitude"., no 
sensible error can arias from taking the departure itself as the difference of longitude. 

6°. If the ship hat made a due E. or due W. course good, the difference of 
longitude is found by Parallel Sailing, thus ; — 

With the latitude at a course and the departure in a difference of latitude 
column, then the corresponding distance it the difference of longitude (see Rule 
LXX, page 177). 

7 . To find the difference of longitude. — By Mereator't Sailing. 

(a) Find meridional difference of latitude (see Rule XLV, page 91.) 

(b). Then with course and meridional difference of latitude fin a latitude 
column), find the corresponding departure, which it the difference of longitude 
(see Rule LXXV, page 1 86). 

(c) With the longitude left and difference of longitude find the longitude 
in (see Bule XLIX, page 9c). 

When a departure has been taken (he longitude left is that of the point of land ; other- 
wise that of yesterday. 

EXAMPLE I. 



H. | Cor/Kara. 


E. 

4 
4- 

5 

5 

4 
4 
3 
3 
1 
3 

3 

4 
4 

6 
6 
6 
6 
6 
S 
5 
5 


A 
3 

8 
S 

s 

6 

3 
S 

S 
3 

4 


w™. 


pta. 

•i 

t 
i 


^ 


RttMABKG, Ac, 




East. 

East 

W.N.W. 

W.N.W. 
West. 

West. 


7'E. 

9*E. 
TfW. 

io°W. 


A point ot land' in 

lat 41 12' 8., long. 
41 J 8° W., bearing by 
compass E. by N. J N. 
diflt. 11 miles. Ship's 
head B.S.H. i E. ; de- 
viation as par log. 

Variation io°W. 

A cm-rent •etW.S.W. 
correct magnetic a 6 
miles finm the time the . 
departure was taken 
to the end of the day. j 



r 



The Lay's Work 
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The Departure Course, 

The opposite point to E. by N. J N. is 
"W. by 8. £ S., and the ship's head being 
S.S.E. \ E., the deviation is same as given 
in log. for S.S.E. \ E., viz., 7 E. 

W. by 8. $ 8. = 6 J pts. R. of 8. 

or 73 8' B. of 8. 
Donation 7 R. \ T 

Variation 20 L. J I3 ^ 



True course 60 8 R. of S. 

or 8. 6o° W. y distance 21 miles. 

This is inserted in the Traverse Table as 1st course. 



ist Course, S.S.E. J E. 

S.S.E. \ E. = 2j pts. L. of 8. 
Leeway 2 „ 



j> 



R. 

L. of 8. 



or 5 38' L. of 8. 
Dev. 7'R.K- L 
Var. 20 L./ 1 * ^ 



1 

2 

3 
4 
5 



4'* 

4*3 

4-0 



22 '7 



True Course 18 38 L. of 8. 

or 8. 1 9 E., distance 22*7 miles. 

The distance 22'' 7, is found by adding up the hourly 
distances sailed, until the course is altered at 6 
o'clock. Insert this course and distance as and 
course. 



2nd Course, N.N.E. 

The deviation for N.N.E. is 9 E. h. k. 

N.N.E. = 2 pts. R. of N. 64-1 

Leeway 2J,, L. 7 38 

— » 3*5 

oj „ L. of N. 9 3*2 



or N. 2 49' E.ofN .. L, of N. 14*6 
Dev. c/Rl *~^ 

Var. 20 L. ) 



11 



True course 1 3 49 L. of N. 
or N. 14 W., distance 14*6 miles. 

The distance, i4'*6, is found by adding up the 
towriy distances from 6 o'clock until the course is 
etaaged at 10 o'clock. 



yrd Course, S.W. j W. 

The deviation for S.W. J W. is 7}° W, 
S.TV. i o. = 4J pts. R. of tt. h. 
Leeway if „ L. 10 

— 11 
2} „ R, of 8. 12 

— 1 
or 30° 56' R. of 8. 

Dev. 7°3o'Li L 

Var.20 0L/ 27 3 ° Lu 



K. 

35 
3* 
40 
4*2 

'53 




True Course 3 26 R. of 8. 

or 8. 3 W., distance 15*3 miles. 

Distance, is'"3, is found by adding up hourly dis- 
tances from 10 o'clock until a. 



4th Course, N.JK 

The deviation for N. J E. is i° W. 
N. J E. = i pt R. of N. h. k. 
Leeway 2f „ R; 2 4*3 

— 3 4'4 

2} „ R. ofN. 4 4*5 

or 30 $& R. of N". , 13*2 
Dev. r*L.) T ' 

Var. 20 L. } 2I ° K 

True Course 9 56 R. of N. 
or N. iofE., distance 13-2 miles. 



5*A Cbwr*, 8.8. W. 

The deviation for 8.S.W. is 2J W. 
8.8. W. = 2 pts. R of 8. 



Leeway 



i> 



_i 



L. 

R of 8. 



Dev. 2 

Var. 20 o L 



or 1 6° 53' R. of 8. 
3°'L ; } 223O L . 



H. X. 

5 6*2 

6 64 

7 6*2 

8 65 
2 5'3 



True Course 5 37' L. of 8. 
. or 8. 6° E., distance 25*3 miles. 



6th Course N. by W. J W. 

Thedev. forN. by W. } W. is io° W. h. k. 
N.byW. JW. = iJL. ofN. 9 62 

I R. 10 57 

— n 5-3 

} L. of N. 12 5*4 



or 8° 26' L. of N. 
Dev. io° L. \ T 

Var. 20 L. h° ° L * 



True course 38 26 L. of N. 
or, N. 38 W., distance 22'-6. 



22*6 



Current Course W.8.W. 

W.8.W. = 6 pts. R. of 8. 
or 67 30' R. of 8. 
Deviation 20 o L. 



47 30 R. of 8. 
or, 8. 48 w ., distance 26' 



192 



The Bay's Work. 



The corrected courses are written down to the nearest degree, and the 
work will stand as follows : — 



Courses. 



DlST. 



N. 






S. 



E. 



W. 



8. 6o° W. ■ 
S. 19 E. ■ 
N. 14 W. 
S. 3 W. 
N. io° E. 
8. 6° E. 
N. 38 s W. 
S. 48 W. • 



21 

22*7 
I46 

'5*3 
13*2 

*5'3 

22'6 
26 



14*2 
I30 
I7-8 



1 0'5 

"'5 

i5'3 
25-2 

"7'4 



7'4 



*'3 
26 



45'° 



899 
45'° 



44*9 



123 



l8'2 



o-8 



139 
'93 



551 
12*3 



43'4 



Difference latitude 44-9\ . . T H TT /Course 8. 44 W.* 
Departure 434/ * IDistence 62J miles. 



Latitude left 42 12' 8. 
Diff. latitude 45 8. 

Latitude in 42 57 8. 

Sum 2)85 9 

Middle lat. 42 34 




Meridional parts 2798") .- 
Meridional parts 2859 | 5 « 

Mer. D, lat. 61 | 9 I 

J« 

* The oourae being less than 56°, the difference of 
lgitude may be found both by middle latitude 
d Mercators method. 



Ion, 
an 



Course 8. 44 W.l 
Mer. diff. lat. 6i*iJ 

Mid. latitude 42!° 1 
1. lat.) J 



give in Table H HfgS£^^ 
g*e in Table II H^ce^. 59 ' 



Dep. 43*4 (as d. 

Longitude left 4»°58' W. \ f . 
Diff. longitude o 59 W. I ri S 

Longitude in 43 57 W. / « ft 

Previous to opening the Traverse Table to take out the difference of latitude and depar- 
ture to each course and distance in the above table, fill up the columns not wanted : thus— • 
in the first course, 8. 6o° W., the 8. and W. will be wanted, and the N. and E. will not be 
wanted ; fill up these last two columns by drawing a dash under N. and E. Proceed in the 
same manner with the other courses. 

2. lb find the difference of latitude and departure to each course and distance by the 
Traverse Table. 

Enter Traverse Table, and take out the difference of latitude and departure corresponding 
to 6o° and distance 21'. Insert them in the columns 8. and W. 

The second course is 8. 19 E., and the distance 22'*7. Then, 19 degrees and distance 
227 (omitting the decimal point) give difference of latitude 214*6, departure 739, now 
dropping the tenths in each — namely, the 6 and the 9 — and shifting the decimal point one 
place to the left, we have difference of latitude 21*5, departure 7*4 which insert in columns 
8. and E., the course being marked 8. and E. 

The third course is N. 14 W., and distance 14*6. Look for 14 degrees and distance 14*6, 
which gives difference of latitude 141 "7, departure 35*3 ; now dropping the tenths, the 7 and 
the 3, and increasing the preceding figure by 1, in the first case, as the tenths exceed 5, we 
have, by removing the decimal point one figure to the left) the difference of latitude 142, 
and departure 3*5. 

Proceed in this way with the remaining courses. 



The Day's Work. 



Next we End the sum of the four columns, when it appears the ship bat sailed 4J'o N., 
ltd I9-9 S. ; therefore, upon the whole, the difference of latitude is 449 8. The sum of the 
■stings is 12-3, of the westings 55'7, and the departure made good ia 43-4 W. 

3. To find the Count and Distance made good.— The difference of latitude is 44*9 and 
sparture 434 found to correspond in their columns, giro course S. 44° W., distance 61 J 
ilea {tee Bole LXVII, page 170). 

4. We next apply the difference of latitude, 45' S. (449), to the latitude left, 41" 12' 8., 
he latitude of point of land), taking the sum, as they are of same name, and the latitude 
1* 37' %., takes the name of either (Rule XLYI, page 93). 

j. To find the Difference of Longitude.— 'Hake out the meridional parts for latitude left, 
1° 11', and also for latitude in, 41° 57', and take the lees from the greater, as the latitudes 
re of one name. The remainder is meridional difference of latitude (Rule XLY, page 91}. 

Or, find middle latitude by adding together latitude left and latitude in, and divide the 
m by j; the quotient ia the middle latitude (Rule XLV1I, page 93]. 

Then the course 44', in Table II, and meridional difference of latitude 61', found in 
iJenmce of latitude column, gives in departure column 59', or difference of longitude 59' 
Knlfl LXXV, 1°, 1 86, page). 

Or, the middle latitude 42 J", in Table II, and departure 43*4 in difference of latitude 
1, gives in distance column 59', the difference of longitude (Role LXXIII (4°) 



11 So). 



Thus :— Mid. lat. 41 and dep. 4j''4 give in dist. column 581 



59* 



Diff. long. 59 
The difference of longitude 59' W. (that found by Meroator's sailing), added to longitude 
aft 41- j8' W., gives longitude in 43 57' W. (Rule XI J X , page 95). 











EXAMPLE II. 






H. 


a»> 


K. 


tV 


w™. 


Lee- 


D ,"r 


Rekabxs, &Q. 




S.byW. 
S.W. i W. 


3 

3 

3 

1 


9 
5 

5 

4 


W. by B. 


5 

3i 


8°W. 


A point of land in 
lat. 6i° 18' N., long. 
85 17' E., bearing by 
compass N. by E. | E., 
i6milea. (Ship'shead 
8. by W.) Deviation 
as per log. 




B.t8. 


S 
S 

s 


4- 
6 


8.byE. 


■i 


ij°E. 






WJSM. 


4 
.5 
9 


4 


North. 


3 


i8J°W. 


Variation 43* E. 




N.W. i V. 


7 


S.byW. 


• 


16,-W. 






E.|N. 


3 
3 
3 


S 


N.byE. 


3J 


i 7 i°E. 


A current set the 
ship "W.B.W. (correct 
magnetic, »aj miles. 
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The Day' a Work. 



W. N. E. S. W. N. 



The Departure Course. 

The opposite point to N. by E. J E. is 
8. by W. i W., and the ship's head being 
8. by W., the deviation is the same as given 
in the log. for 8. by W. 

8. by W.}W.= ij pts. R. of 8. 

or 14 4'R. of 8. 
Variation 42 R. \ R 

Deviation o J ** 

True Coarse 56 R. of 8. 

or S. 56 W., distance 16 miles. 

This is inserted in the Traverse Table ai 1st course. 



1st Course, S. by W. 
The deviation for S. by W. is o°. 



S. by W. = 
Leeway 



1 pt. R. of 8. 



Dev. o» \ 
Var. 42 R. J ** 



1 J „ L. of 8. 
or 14° 4' L. of 8. 



R. 



H. X. 

i 4a 

* 3*9 

3 4*5 

4 4*0 

166 



True Course 28 R. of 8. 

or S. 28 W., distance i6'-6. 

The distance itf-6 is found by addinp up the hourly 
distances until the course is changed at 5 o'clock. 
Insert this course and distance in Traverse Table as 
the and course. 



2nd Course, S.W. J W. 

The deviation for S.W. f W. is 8° W. 

S.W.{W.= 4}pte. R. ofS. h. x. 



Leeway 



3* » R. 



Sum exc. 8 pts. 8 J „ R. of 8. 
Subtract from 16 



5 
6 

7 
8 



rs 

3*4 
3'* 
3*3 



7 J „ KofN. 134 



or87°n'L.ofN. 
Dev. 8°L. » A w 
Var. 42 R. J 34 *• 



True Course 53 L. of N. 

or N. 53 W., distance i3'*4. 



yrd Course, E. f & 
The deviation for E. } 8. is 15 E. 



E. J 8. = 
Leeway 



7 1 pts. L. of 8. 
if » 



Sum exc. 8 pts. 9 
Subtract from 16 
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V 



L. 

L. of 8. 

R. of N. 



or79°R. ofN. 
Dev. 1 c° R. 1 r> * vr 

8umexo.QO° 136 R. ofN. 
Subtract from 180 

True Course 44 L. of 8. 

or 8. 44° E.> distance 21 '"7. 



H. X. 

9 5*4 
10 $'6 

" 5 4 
1* 5*3 

21'7 



4th Course, W.N.W. 

-The deviation for W.N.W. is 18J W. 

W.N.W. = 6 pts. L. ofN. h. x. 

Leeway 3 „ L. 1 4*4 

— 2 4*2 

Sum exc. 8 pts. 9 „ L. of N. 3 4*2 

Subtract from 10 4 5-0 



»> 



R.of& 



17-8 



or78°45'R. of 8. 

Sam 8xc. 90 102 R. of 8. 
Subtract from 1 80 

True Course 78 L. ofN. 

or N. 78' W., distance i7'*8. 



Sth Course, N.W. \ N. 

The deviation for N.W. J N. is i6J° W. 

N.W. JN. = 3 J pts, L.ofN. h. x. 
Leeway o ' 



3J „ L.ofN. 

or 39 22' L.ofN. 
Dev. i6°3o'H w 

Var. 42 RJ 3 5 3oB. 

True Course 13 52 L. ofN. 

or N. 1 4 w., distance 43'*!. 



5 
6 



9*7 

10*2 

7 ii'4 

8 ir8 

43'i 



The Day's Work. 
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6th Course, E. } N. 

The deviation for B. f N. is 17^° E. 

E. \ N. = 7I pts. K. of N. h. x. 

Leeway 3* »» R- 9 3*4 

10 3*2 

Sum exo. 8 pts. 10J „ R. of N. 11 3*0 

Subtract from 16 12 2-8 



si 



19 



L.of8. 



1 2-4 



or6i°53'L. of 8. 
V«.4a B/ 59 I5 R * 



(Wen* Owr*, W.S.W. 
W.8.W. = 6pts. R. ofS. 

or67°3o'R. ofS. 
Variation 42 R. 



Sam exo. 90 109 30 R. of S. 
Subtract from 1 80 



•True Course 70 30 L. of N. 
or N. 71 W., distance 22' '$* 



True Course 2 38 L. of S. 

or S. 3 E., distance 12'- 4. 

The corrected courses are written down to the nearest degree and the 
work will stand as follows : — 

Coubses. 



8. 56° W. 

8. 2*" W. 

N. 53- W. 
! 8. 44 E. . 
. N. 7 8°W. 

N. i 4 °W. 

, a 3 °E. . 

N. 7 i°W. 



Dot. 


N. 


S. 


E. I 

1 


W. 


16 




8- 9 




13*3 


16*6 




14-7 




7'8 


'34 


81 






10*7 


21*7 




15*6 


15-1 




178 


3*7 






*7'4 


43*i* 


41*8 






10*4 


12*4 




124 


0-7 




22-5 


T3 






21*3 




60*9 
5i-6 


Si'* 


158 


80*9 
15'* 


93 


651 



Course 14 
» 14 



N. 14 W., distance 43'*i. 

Dist. 300 D. lat. 291*1 

131 127*1 



Dep. 72*6 
3*'7 



>» 



62°i8'N.' v 
9 N - 



0.A 



14 43 1 4182 1043 

Diff. lat. 9'*3 and dep* 65'* 1 being found to correspond in their columns, give course 
N. 82° W., distance 66 miles. 

The mid. lat. is high and between two whole degrees, 
therefore, we proceed thus : — 

Mid. lat. 62 as course (in Table II), and dep. 6$'X 
(nearest to 65*1) as diff. lat., give in dist column 139 ; and 
mid. lat. 63° and dep. 649 (nearest to 65'- 1) as diff. lat., 
give in dist. column 143 : whence it is evident that for i° 
(or 60') of mid. lat., the diff. long, increases 4' : we next 
make the proportion 

60' : 22* : : 4 : x 



Lat left 
Diff. lat. 

Latin 

Bun 

Mid lit 



62 27 N. 

"4 45 
62 22 






w 



12 



Hid. lat. 62° gives D. long. 139 
Correction for 22' 1*4 

. * . Mid. lat. 62 22' gives D. long. 140*4 

Mid. lat. 62 22' sec. 0*333658 
Dep. 65'* 1 log. 1*813581 

Diff. long. 140*4 log. 2-147239 
or 2 20' *4 



4 
6,0)8,8 

i*4 the correction for 22' 



S 



Long, left 85*17' E. \ M . 
Diff. long. 2 20 W. / 3 83 

— s m 

Long, in 82 57 E. / £ 



• To take oat the diff. lat. and dep, for eeune N. 14° W,, dist. 41-3. (bee Rule LXVI, 
(•) page 169. 



Jho Day'i Work. 
EXAMPLE in. 



Winds. 



I.EE- 



W. H. E. 1 



Dtpartart Count. 
The point of land from which the depar- 
ture ii taken bears N. by W._£ W., and the 
Opposite point to this bearing is 3. by E . 1 E. 
The ship's head when departure was taken 
is E. by 3., the deviation for which is 19° E. 
8. by E. } E = ii pte. L. of S. 

or i6»53'L. of 6. 
Dev. io s R.1 „ R 
Tar. 14B.J" K. 



The lev. for E. | 8. is zo° E. 
K.|S = 7Jpts.Ii.of8. 
Leeway = ] „ L. 



orS7°n'L. of 8. 



}, 53 E., distance 6i'-i 



The dev. for E. by 

E. by 8. = 7 1 



Dev. i9*K-i„ „ 
Tar. 14 B.J " ° 

True course 48 34 

or 8. 49 E., 1 

Tha distant* 56' 6 is foi 

distances until ins ooutk 



yd I 

The dev. for E.S. 
E.8.E. = 6 1 
Leer/ay = J 

Dev. iS* R.f 

Tar. 14 RJ *' ° 

_ 43 S 6 



qth Count. 




J (A Count. 


> der. for N.E. ly E. is 19° E. h 


K. 


The dev. for 8.E. J E. is ij° E. 


f.E. bjK = j pta. E. ofN. 4 


«T* 


S.E. i E. = 4 1 pts. L. of S. h. x. 
Leeway = i „ L. 9 115 


Mwny : -: J ,, R. 5 


IV* 








jj ,. B-ofN. 7 




5 „ L. of a 








of6i°53'R. ofN. 






)«t. 19" B.1 „ „ „ 
fir. 14 B.) 33 E. 


680 


Var, 14 B.J 19 c E " 


fom etc. 90° 94 5] B. of N, 

Suit, from J So 




True Course 17 ij L. of S. 

or 8. 17° £., dUfcanoe 14''7. 




^rnaoonrae 8s 7 L. of B. 






or B. H5 E., distancfi 6S'o. 






6th Court. 




CurrtHl Couru. 


The dev. for N. hy E. is i° E. 
S.hyE.= r ptB.ofN. h. 




N.W. by N. = 3 pta. L. of N. 




Leeway = 5} „ L. 11 


1-4 


Vex. 14 E. 


4» „ L. ofN. 


! 


19 45 L. ofN. 
orN. 20* W„ distance 13'. 






or 53 16' L. of N 






*. 14 E.} ,6 ° * 






37 16 L. of N. 






or N. 37" W., diataneo 47 







Hie corrected courses are written down t 
rk will stand thus : — 



1 nearest degree, and the 



Contra. 


Dwr. 


N. 


8. 


B. 


w. 




566 
611 
68-7 
63 
*4S 
4*7 
13 


3;*. 


lO'ti 

37-1 
36-8 
494 
59 


4» - 7 
48S 
47'7 

67-7 


p 
■•t 

4'4 


8-49°E. M 

g. «•«.<») 


8. !r> R 

B.*t*B 

S-J7-W. 

H.jo°W 






[60 


161 -6 
160 


iiS-o 


io-i 


•+y« 


107-8 



oat of the Traverse Table the courses marked (a), (J), and ( 
»e 8. 49° E-, distance 56'-6. Taking diet. j6'-6 as 566 we have 
Oanns. Kit. D. L»t Dap. 

49* 3«> 



196-S 

174-5 



566 



41T' 



. - . 8. 49° E. and diet. 56''6 given diff. 1st. 4»'7 S., and dep. 37-1 E. 



r<)8 



The Daj/' i Work. 



(4) Course S. 53 B., dial. fir: 



(Take diat. 6ri as fin.) 




Hat D. Lat. 




00 I 805 




300 180-5 


*39 - * 



53 611 3*7-6 4SS-0 

. ■ . 8. J3° E., dirt. 6i*i (fives diff. lat. 368 a, and dep. 488 E. 
(0) Couth 8. 44 E., dist. tX-j- (Take diat. €%'■] as 687.) 



687 



477 -j 



. - . Course S. 44° E., dirt. 6S'-j, gives diff. lat. 49 '-4, and dep. 47'-?. 
Diff. lat. 14.5-6 and dap. 107-8, found to correspond in the columns, give course 3. 55* E., 
and distance 154 miles (aee Bole LXVII, page 170). 
Lat. left 47 44' 8.") ss 

DiiL lat. 1 26 S. "i Mid, lit. «° ai coursfi io Table H, and half 
1 I gW of the dep. 103-9 C n8 whole dep. being; too 
Lat. in 50 10 6. I _,-[» large a number to be found in the Table) 
l— fj gives in distance column 158, which multi- 
Sum 1)97 54 R« plied by 1 (aa only half the dep. was used in 
entering the Table) gives did. long. 316 miles. 



Mid. lat 
Hid. 1st 
Dep. 



48 J7 
107-8 

316% 



EXAMPLE IV. 



H. Cochbeb. 


K 


A 


Wwds. 


Ls»- 


D r» A - 


Remarks, Ac. 




e 

6 




N.N.W. 


*i 


ifij* E. 


A point of land in 
W. 47° 35' S" long. 




J 


6 








179" 10" E.. bearing by 
compa«S.E.*E.,dist. 




6 


4 










5 


7 


8.E. J E. 


*t 


I7(° E. 


15 miles. (Hhip'ahead 




5 


8 








K.B. J, E.) Dev. as 




s 


9 








per log. 




\l 


6 
4 


N.E. by N. 





ii° E. 






4 

4 


3 

7 


E.S.B. 


a 


»i'W. 


Variation ij° E. 




9 












4 


9 












4 




S.W. i W. 


i} 


iSfW. 








3 








A current set the ihip 




4 


5 








N.E. by E. » E., oor- 




4 


6 








roct magnetic, 36} 






6 


8,¥.liW.,W 


i 


iS*W. 


miles, from the lame 






5 












" 


4 
3 








taken to the end of 



The Day's Work. 
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Departure Course. 

The opposite point to S.E. f E. is 
K.W. I W. 

4! pts. L. of N. 
or 53 26' L. ofN. 

Vir. 25 *•) 4I I5 R - 

True Course 12 11 L. ofN. 
ox N. 12 W., distance 15'. 



1st Course, N.E. J E. 

4* pts. R. of N. 
Leeway (port tack) 2 J- „ R. 



2*k* Cbww, N.E. by E. i E. 

5} pts. R. of N. H. X. 

Leeway 2J „ L. 5 5-7 

— 6 58 
3 J „ R.ofN. 7 5-9 

— 8 S'9 
or36°34'R.ofN. 

Dev. 17*45' R.) R 233 

True Conine 79 19 R. ofN. 
or N. 79 E., distance 23'- 3. 

4M Course, South. 

o pts. e. x. 

Leeway (port tack) 2 „ R. 1 4*7 

— 2 48 
a „ R. of 8. 3 49 

— 4 49 
or 22 30' R. of 8. 

Dev. 2°ic'L. 1 m ry 19-3 

True Course 45 15 R. of 8. 

or S. 45 E., distance 19'' 3. 

6th Course, N.W. J W. 

4 J pts. L. of N. h. x. 
Leeway J „ R. 9 12*6 

IO I2'5 

4} „ L. ofN. 11 i2*4 

12 12*3 

or 47°49' L. of N. — 

Dev. i8°L. { m „ w 498 

YaT.2 5 R.J 7 oR. 

True Course 40 49 L. of N. 

or N. 41 W., distance 49'"8. 

Coubsss. 

N. 12 VY, 
8. 63* E 
N. 79 E 
S. 17 E. (a) . 
B. 45» W. 
N. 36° W 
N. 41 W. {b) 
East 



6} „ R.ofN. 

or 75 56' R. ofN. 
Dev. iG>ifBL\ Mw „ « 
Var. 25 oR.j 4 1 '* R 

Exceeds 90 117 11 R.ofN. 
Subtract from 180 o 



H. 

1 

2 

3 

4 



x. 
6 

61 

56 

— 
24*2 



True Course 62 49 L. of 8. 
or 8. 63 E., distance 24"2. 

yrd Course, S.E. J E. 

4} pts. L. of 8. h. x. 

9 I2'6 

(Leeway o) or 53°26' L. of 8. 10 12*4 
Dev. ii° R. 1 , ^ t, 11 i2'3 

Var. 25 R.J 36 oB ' ia 111 



True Course 17 26 L. of 8. 
or 8. 17 4 E., distance 48' -4. 



Sth Course, N.W. by W. i W. 

5I pts. L. of N. 
Leeway 1} „ R. 



4«'4 



3} „ L. of N. 

or42°ii'L.ofN. 
Dev. i8°3o'L.\ fc « 
Var. 25 oR.) 6 3° E - 

True Course 35 41 L. of N. 
or N. 36" E., distance i7'*6. 

Current Course, N.E. by E. } E. 

5} pts. R. of N. 



5 
6 

7 
8 



x. 
4'* 
4-3 
4'5 
4-6 

17*6 



Variation 



or 64°4i' R. of jN. 



True Course 89 41 R. of N. 
or East, distance 36**5, 




N. 


8. 


E. 


W. 


*4'7 






3'i 




II'O 


216 




4'5 




22*9 






4*3 


14*2 






13*7 




'3'7 


14*2 






io*4 


37-6 




3*5 


3**7 


71*0 


71*0 


95* 


599- i 


71*0 




59*9 







35*3 



The Jtay't Work. 



a the Traverse Table marked (a) and (A) respeo- 



For method of taking out the a 

tively, see page 169 (4) and («). 

Having filled up the Traverse Table, the sum of the northings and southings are equal, 
consequently the latitude remains unaltered, or, the ship, after sailing the foregoing courses 
and distances, has returned to the same parallel. Altogether, the vessel has sailed 95'-] 
towards the east on four courses, while she has made ie'"9 westing on the other four, leaving 
35'"3 of progress towards the east : hence 

The Course is East, distance 2S''i ( !se So. 141, page 89). 



To find the T.atitudi and Longitude in. 

The ship not having altered her latitude, the latitude arrived at is the same as the latitude 
left, via, 47* 3j' 8., and consequently the Jiff, ot long, made good b to be found by Parallel 
Bailing, Bole LXX, page 177, thus : — 



Long, left 




B.-I 


Diff. long. 


5* - i 


E 


Long, in 


180 is- 


E I 


Subtract from 


360 


| 


Long, in 


179 vs 


W.J 


urTAMTT.n: v 





it 



Ih. 


CoT/B&BS. 


K. 


A 


Winm. 


L»B- 


Diviahoh. Remarks, &c 




11 


4 












11 


1 




























6 














S 














4 












B 

s 


J 












1 

a 


3 












7 


4 












J 
7 

7 


■ 












5 


8 












5 


6 












5 


4 












S 














s 


4 












4 


6 












4 


S 












4 


' 
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W. N. E. 8. W. N. 



Departure Course. 

Opposite to bearing E. by 8. J 8. 
6Jpts. L. ofS. 
or 73 8' L. of 8. 
Dev. 17 45' R.1 T 

Var. ii *5 L.} * 3<> L. 

- 76 38 L. of 8. 
or S. 77 E., distance 15'. 



itt Course, E. by N. 

7 pts. R. of N. 
Leeway J „ L. 

6f „ R.ofN. 
or 75 s& B. of N. 
Dev. i7°45' R.\ T 

Var. 21 ?5 L./ 3 3<> L. 

72 26 R. of N. 
or N. 72 E., distance 49'. 



2nd Course, E.S.E. 
6 pts. L. of 8. 

L "**y i „ L. 

6 J „ L.of8. 

or 73 8' L. of 8. 
Der. i3°3o'R.\ T 

Var. il 15 L. j 7 45 L. 

80 53 L. of 8. 
or 8. 8 i°E., distance 42'. 



yrd Couth N.E. by E. 

5 pts. R. ofN. 
Leeway 1 „ L. 



1 

4 



99 



R. ofN. 



or 45 R. of N. 



Dev. i7 ic'R.l T 
- i5L.}^ L - 

41 R. ofN. 



Var. 21 15 

or N. 41 E., distance 33'. 



4th Course, S.8.E. 

2 pts. L. of 8. 
Leeway ij „ B. 

} „ L.of8. 
or 8° 26' L. of 8. 
Var. 21 ,5 L.} *S 45 L. 

24 11 L. of 8, 
or 8. 24 E., distance 29'. 



$th Course, S.E. by 8. 

3 ptB. L. of 8. 
Leeway 2 „ R. 

r „ L. of 8. 

or n°i5'L. of 8. 
Dev. 8°3o'R.\ T 

Var. 21 ,5 L.} I2 45 L. 

24 o L. of 8. 
or 8. 24° E., distance 22'. 



6th Course, E.S.E. 

6 pts. L. of 8. 
leeway 2J ,. R. 

3} „ L. of 8. 

or42°n'L. of 8. 
Dev. i3°3o'R.\ , 

Var. 21 15 LJ 7 45 L. 

49 56 L. of 8. 
or 8. 50 E., distance 19'. 



Ctorwi* Ow#rw, S.S/W. } W. 
2 J pts. R. of 8. 

or 28 7 'R. of 8. 
Var. 21 15 L. 



6 52 R. of 8. 
or 8. 7 W., distance 18'. 



DD 



?02 



The, Day's Work. 



















Courses. 


DiST. 


N. 


s. 


E. 


W. 


S. 77° E. . 




'5 

49 

42 

33 

*9 
22 

J 9 
18 


151 
24-9 


3"4 
66 

265 
20' 1 

12*2 
17*9 


146 

46-0 

4»\S 

21*6 

u-8 

89 

14-6 


1 


X. -2- E. 

A S. 81- E. . 






N. 41 E. 
S. 2 4 ° E. . 
S. 2 4 ° E. . 

8. 7 W. . 





1 

2*2 1 

! 






40-0 


86*7 
40-0 


>59« 
ai 


« 


467 


'57*4 



Diff. lat 4 6'* 7 \ . . T ,, n i Course 8. 73}* E. 
Departure 1574) ** We \ Distance 164*'. 



Diff. lat. 



47 8. 



Lat. left SS° I# ^0 1 . 

•ft 

Lat. in 54 14 N. I ^ 2, 

— — ^— g^ 

a )^9_2 I? 

Mid. lat. 54 37 J I 



To find Diff. long. (1) By Calculation, 

Lat. 54 37' sec. 0*237288 
Dep. 157*4 log. 2*197005 

Diff. long. 271*8 log. 2*434293 



To find Diff. long. (2) By Inspection. 

Mid. lat. 54° and dep. 157**5 in diff. lat. column (the nearest in Table to 157 '4), gives in 
dist. column 268 for diff. long. ; and mid. lat. 55 and dep. 157**7 in diff. lat. column give 
in dist. column diff. long. 275 ; whence it is evident that for i° change of mid. lat. we have 
(275 — 268) = 7' change in diff. long., thus : — 

60 : 37 : : 7 : x 



M J 59 
4*3 

Mid. lat. 54 and dep. 157 give D. Long. 268 
Correction for 37' + 4" 3 

. • . Mid. lat*. 54 37' and dep. 157*4 give 272*3 



Long, left i° 25* W g . 

D. long. 272' or 4 32 E. I H $ 



Long, in 



3 7 E. 



4) 

3 
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Departure Course. 

The opposite point to N.E. by "N". 
b8W. by 3. 

8.V. by 8. ss 3 pts. R. of S. 

or 33 45' R. of S. 
Dev. h°L. 1 ^ T 
Var. 25 L. ! J6 _o L. 

True Course 2 15 L. of S. 
or S. 2 £., distance 17 miles. 

lit Course. 

V.byX. = 78»45'L. ofN. 
Leeway o 
Dev. ii° L. 
Var. *s L. 

Sumexcoo 115 o 
Subtract from 180 o 



EXAMPLE VI. 



\* 



o L. 



True Course 65 o R. of 8. 
or 8. 65° W., diatanoe 25 miles. 

tnd Course, W.8.W. 

W.8.V. = 6 pta. R-ofS. 

Leeway (port tack) i „ R. 



»» 



6& „ R. of S. 
or 73 R. of 8. 

DeT - ^l ^ T 
Var. 25 L. » *♦ L * 

True Connie 39 R. of S. 
or 8. 39P W., distance 22 miles. 

yrd Course, W.N.W. 

W.X.W. = 6 pts. L. ofN, 
Leeway (port tack) 1 „ R. 



i» 



L. ofN. 



or $b° L. of N 

Tar. 25 L. J 34 L- 

— • 

True Course 90 L. of N. 
or West, distance 19 miles. 

4U Course, S.W. 

8.W. x 4 pts.R.of8. 

L«way(starb.tack)ii „ L. 



»> 



Dev. 
Tar. 



6*1* > 
»5 L. } 



R. of 8. 
or 31 R. of S. 

31 L. 



>» 



L. 



Dev. 8»L> 
Var. 25 L. 



3^ „ R.of8. 
or 37 R. of 8. 

} 33 X- 



True Course 4 R. of 8. 

or 8. 4 W., distance 13 miles. 

6tA Course South. 

South = o pts. 

LsBwmy (ttarb. tack) 2$ „ L. 



%\ „ L. of 8. 



Dev. op i 
Var. 25 L. i 



or 25 
*5 



°L.of8. 
L. 



True Course 50 L. of 8. 

or ft. 50° £., distance 13 miles. 

Current Course, N.W. J W. 

Iw.jW. S3»L. ofN. 
Variation 25 L. 

True Course 78 L. of K. 
«r K. 78 s W., distanioe 6 sails*. 



o 1 

or South, distance 16 miles, 

$th Course, S.W. by W. 

8.V.byW. = 5 pts. R. of 8. 
Leew»y( 8 tarb.tack)i} 



H 



1 

2 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 

1 

2 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 



Courses. I K tV 



W. by N. 



w.s.w. 



W.N.W. 



S.W. 



s.w.awj 



s. 



Winds. 



E.S.E. 



s. 



S.W. 



W.N.W. 



N.w.aw. 



ws.w. 






pts. 
o 



Dkvia- 

TION. 



II' 



i 



ii 



ii 



*i 



w. 



w. 



w. 



6°W. 



8°W. 



Remarks, &c. 



A pointy Lizard, in 
lat. 49 58' N M Ions;. 
5° 1 2' W., bearing by 
compass N.E. by N., 
distance 17 miles. 
(Ship's head W. b N) 
Dev. as per log. 



o° 



Variation 25° W. 



▲ current set 
(correct magnetic) 
N.W.jfW., 6 miles, 
from the time the 
departure was taken 
to the end of the 
day. 



C0UK8ES. 



S. 2° E. . 

8. 65 W. 

S. 39 W. 

We«t. . 

South. . 
I 8. 4 W. 
- S. 50 E. 
i N. 78°W. 



DI8T. 


N. 


s. 


E. 


W. 


17 


t 


17*0 


o*6 




*5 


I 


10 6 




22*7 


22 




17*1 




138 


*9 
16 




160 




I9'0 


13 




130 




°*9 


13 




8-4 


io*o 


• 


6 


1*2 






59 




1*2 


821 


io a 6 


623 






1*2 




io'S 




809 


sn 



Diff. lat. 8o'9 8. ) . ^ - «. M- TT t Course 8. 31$° W. 
Departure 517 W. * S™* m Table " } Distance 96 miles. 

Mer. parts 



Lat. left 
Diff. lat. 

Lat. in 

Sum 



Middle lat. 49 17 
Course 8. 32$° W. 



49°58'N.^ «£ 
1 21 8. . M . 

4» 37 N. [ d 5. 

— i -a" 



2)98 35 



347* 

Mer. parts 3347 
Her. diff. lat. 124 



« 



Longitude left 5 ia' W. \ j.^ 
Diff. longitude 1 19 W. I ^ H a 

■ — I p^3 |p 
Lomgitude in 6 jx W. / H J 



104 



TfoJDaf/'s Work. 



EXAMPLE VII. 



H. 


i 

CoUBSBS. 


i 


N.W. i W. 


2 




3 
4 


E.JS. 


5 
6 




7 
8 




9 


S. by E. * E. 


IO 




ii 




12 




I 


W. by N. | N. 


2 


. 


3 




4 

5 
6 


S.JE. 


7 
8 




9 


N.W. 


IO 




ii 




12 





K. 


T 1 * 


3 
3 


4 
6 


3 




4 


2 


4 


2 


4 


5 


4 
4 


5 
6 


5 


2 


5 




5 
5 
3 


2 

6 
6 


3 
3 


4 
6 


3 

4 


4 
6 


4 


7 


5 


5 


5 
6 

5 


2 

5 
8 


5 


4 


5 


3 



Winds. 


Lbb- 

WAY. ' 

i 


N. by E. i E. 


ptfl. 
if 


N.N.E. i E. 


2 


8.W. 


>i 


8.W. 


»* 


aW. by W.J W. 


*i 


W.o.W. 


•J 



»■- I 



TION. 



EEMABX8, &C. 



i8°W. 



i5i° E. 



6°E. 



i7j°W. 



3*E. 



17 W. 



A point, Cape Swaine 
I in lat. 5 2° 15 N.,long. 
1 1 2 8' 30' W., bearing by 
1 compass E. by N. J N. 
J diet. 16 miles. (Ship's 
head W.N.W.; devia- 
tion as per log. 



Variation 25 E. 



AcnrrentsetE.tS.iS 
correct magnetic 20 
miles from the time the 
departure was taken 
to the end of the day. 



Oottbsbb. 

S. 8o° W 

N. 630W 

a 24° e 

8. 17 E 

N. 32 W 

South 

N # 2 3 °W 

S. 45 E 



DlflT. 


N. 


S. 

2'8 


E. 


W. 


16 






15-8 


10 


4'5 






8- 9 


22 




20*1 


89 




21 




20"I 


61 




H 


1 1-9 






7*4 


2C 




20*0 






*3 


21*2 






9-0 


20 




141 


141 






37'* 


77"* 


29*1 


41-1 






376 




29" 1 


39*5 


I2"0 



Diff. ot lat. 39*5, and dep. 12*0, give course S. 17 W., and distance 41 miles.* (Bole 
LXVII, page 170.) 



Lat. left 52°i5'-oN0 
Diff. lat. — 39-5 S. 


3 


Mer. parts 3690 


Latin 5 1 35*5 N - 
*)">3 50-5 


i 




Mer. parts 3626 
M. diff. lat 64 


Mid, lat 51 55 


1 





* The course being lees than 56 , the diff. of long, may 
be found both by Middle Latitude and Mercator*! tailing. 



The course S. 17° W., and mer. diff. 
lat. 64 in lat. column, give dep. 19' 6, 
which is the required diff. of long., 
see Rule LXXV, page 186. Or mid. 
lat. 52 as course, and dep. iz'-o, give 
diff. of long. 194' in diet column, Bole 
LXXIII (4°), page 180.* 

Long. Cape Swaine 128 30' W. \ g ^ 
Diff. of long. + 20 W. ( g J 



Long, in 



128 50 W./ £ 



u 



3%$ Bay's. fTork. 



±05 



EXAMPLE VIII. 



H. 


Courses. 


K. 

5 
5 
5 

5 

2 

2 
2 

3 


4 
4 
3 

5 
5 

7 

6 


Winds. 


Lee- 
way. 


Devia- 
tion. 


Remarks, &c. 


1 

2 

3 
4 

5 

6 

7 
8 


N. }W. 

S.W. i s. 
N.N.E. J E. 


W. by N. 

W. by N. 
N.W. i N. 


pts. 


2°W. 

6°W. 

4°E. 


A point of land in 

lat - 54° 3°' N -» lon S- 
6o° 0' W.. bearing by 

compass W. by N. J N. 

smiles. (Ship's head 

N.N.W.) Deviation 

6°W. 


9 




3 


5 










10 




3 


4 










11 

12 

1 


W. JN. 


3 
3 

4 


7 
8 

2 


N.N.W. 


4 


ii° W. 


Variation 42* West. 


2 




4 


4 










3 

4 

5 
6 

7 


S.E. i E. 


4 

4 
6 

6 

6 


5 
6 

5 

4 


S.byW.JW. 


i 


8°E. 


A current set the 


8 

9 
10 


8.JW. 


5 

2 

2 


: 

3 


S.E. by E. 


3 


i°W. 


ship(correct magnetic) 
N.W. i W., 23 miles, 
from the time the 


11 
12 




2 
2 


3 








departure was taken 
to the end of the day. 



Courses. 


DlST. 


N. 


S. 


E. 


W. 


N.59°E 

N.3o°W 

* 8.4o°E 

1 N. i8°E 

8. i 7 °W 

East 

8-4°E. 

8.87°W 












14 

21*1 

7'7 
18 

17-7 

24-7 

9 
23 


7'* 
183 

171 


S'9 
i6*9 

9-0 

1*2 


I2 a O 

24*7 
06 


io*6 

5'* 
23-0 




• 


42*6 
33*° 


330 


47*9 
38-8 


388 














06 


9*i 



Diff. lat. 9*6, dep. 9*1, give course N. 43° E., dist. 13 miles.* (Rule LXVII, page 170). 



Lat. left 54°3o / N.1 
Difflat 10N. 



Latin 54 40 K. 

2)109 IO 
Mid. lat. 54 35 



4 . Mer. parts 3916^ 



ON 






|fl 



Mer. parts 3933 
17 






* The diff. of long, may be found both by Middle Latitude 
ttd Hercator'i method— the course being mm than 56*. 



Course 43°, and mer. diff. lat. 17, 
give in dep. column the diff. of long. 
16 miles (Rule LXXV, page 186); 
or mid. lat. 54}° as course, and dep. 
9*i in diff. lat. column, give in dist. 
column 1 6, the diff. long. (Rule 
LXXIII, 4 , page 180). 

Long, left 6o° o' W. 
Diff. long. 16 E. ' 3 & 




Tht Day'* Work. 



EXAMPLE IX. 




A point of land in 
i« W. Ut. o* i$' 8., lony. 
170° 44' E., bearing- by 
compiuiiK.E.jE.dut. 
jl*E. 171ml.*. (Ship's htdd 
■ M.N.W.) Dot. m 
per log. 



Variation 8° E. 



I A current let the ihf p 
1 N.byE.,c«rrectmag. 
1 it otic, i] miles, from 
the time the depar- 
I ture was taken to the 
I end of the day. 



Cor/aau. 


DiBT. 


N. 


S. 


E. 


W. 


8. 47' W. 

N. 18* W 


.7 " "" " 

14 i 1 8-9 


ii-6 

*4'5 
ij4 


184 
75 


J4-1 




»3 
30 
*7'4 
13 


>3'3 
89 
117 




N. 39° W 

N. 7 i*W 

N. 19° E 


.8-9 

»i'9 






499 


49*9 


395 


395 


11-9 


l*S 



• »il ( -E£a , »- 



Since the latitude left and latitude in are of contrary names, the ehip has sailed near the 
equator, and tbe departure itself may be taken ai the difference of longitude. [See No, 151, 
paga 178, and s° (*) now > P"*« [ 9°-) 



The Day'* Work. 
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EXAMPLE X. 



'h. 


Courses. 


K. 


tV 


Winds. 


Lee- 


Devia- 


Remarks, fto. 


1 






1 




way. 


tion. 




1 

1 






pts. 






I 


N.N.E. 


9 5 


East. 


* 


8° E. 


A point of land in 


1 2 




9 


5 


* 






lat. 43°47* N., long. 
7 51' W., bearing by 


' 3 




9 


6 








4 




9 


4 








compass S.W. by B., 


5 


E.N.E. 


3 


6 


SiE. 


»* 


iSi° E. 


dist. 13 miles. (8hip's 


6 




4 


4 


* 






head N.N.E.) Dev. 


7 
8 

9 


\ 


5 










as per log. 


E.S.J5. 


5 
6 




South. 


2 


i 3 J°E. 




10 


• 


7 












11 




6 


4 










12 
1 


W. by N. i N. 


5 
6 


6 


S.W. i S. 


'* 


i S i° w. 


Variation 25° W. 


2 




5 


6 










3 




5 


4 










4 




6 












5 


D.D.E. 


5 


6 


S.W. 


i 


5i°E. 




6 




6 


2 










7 




6 


4 








A current set the ship 


8 




7 










N.by W., correct mag- 


9 


N.N.W. 


6 


5 


West. 


1 


12° W. 


netic, 21 miles, from 


10 




6 


4 








the time the departure 


11 




7 










was taken to the end 


12 




7 


2 


1 

v ■ 






of the day. 



CoUBSBS. 



N. 17 E. 
North . . 
N. 27* E. . 
N. 79 - E. 
8. ly> W. 
S. 48' E. . 
K. 4S* W. 
K. 36° W. 




8. 



28 
16*9 



197 



E. 


W. 


3* 

82 
24*5 

1 8-7 


22-8 

20- 1 

12-3 


S5'* 
SS' 2 


SS' 2 






Course, North, distance 86'*6. 

The Traverse Table being completed, the sum of the northings is io6'*3, while that of 
the southings is i9'*7- The departure in the east column amounts to s?'*, and that in the 
west column, also, to 55' -2 ; but as the east and west departures destroy one another, there 
m no resulting departure, and, therefore, it is not necessary to refer to the Traverse Table. 
He ship is under the same meridian as she sailed from, consequently the course is due 
North, and the distance sailed is equal to the diflf. lat., viz., 86' 6. This is according to 
No. 141, page 89. 



Latitude left 43*47'!*. 
Biff, latitude 1 27 N. 



Latitude in 45 14 N. 



To find the Latitude and Longitude in. 

Longitude left 7° 5 i'W. 

Longitude in 7 51 W. 



Examples fob '.Practice. 
EXAMPLE I. 



H. 


c,„„. 


K. 


* 


Winds. 


Ln- 


DSTtATION. 


Rem a rei, £c. 


' 


8.E. by 8. 


» 


5 


E.byN. 


1 


3-E. 


A point, lat. it 1 j ' N . 
long'.75''3o'W., bow- 
ing by compam W. by 








ft 






5 














Ewt. 


9 S 










9 


4 






3 
9 

3 


N.E. 
North. 


9 
9 


* 
6 

4 

4 






































7 




10 


4 






9 


E.N.E. 


9 
1 

9 


8 






ii 




9 


3 











H. 


COURHSB. 


K. 


A 




\ 


But. 


9 
9 


4 
6 




4 


S.E. by E. 


to 


4 




J 

6 

S 


B. 1 8. 


6 


7 

n 


i 


9 


8. by W. 


6 
5 

4 


7 

S 
6 




3 


South. 


4 


4 
4 




4 

1 

7 

i 


S.B. by 8. 

E.N.E. 


4 
3 
3 
3 
1 


5 
5 




9 




3 
3 
3 

3 







EXAMPLE H. 
Wnnw. J*"** iDiviatioicJ 



The Day'* Work. 



209 











EXAMPLE III. 








n. 


1 

Courses. 


K. 


rV 


1 

1 

WiNps. 

1 


Lee- 
way. 


Devia- 
tion. 


1 

Remarks, &c. 








pta. 








1 


w.s.w. 


10 


6 


N.W. 


i 


.ii° W. 


, A point, lat. 37° 3' N. 


2 




10 


4 








long. 9 W., bearing 
by compass E.6N.4 N. 


1 

J 




10 


J 


1 
1 


1 


1 




4 




10 


5 




1 




dist. 14 miles. (Ship's 




5 


W. by N. 


8 




N. by W. 


1 «* 


17 W. 


head W.8.W.) De- 




6 




7 


5 






1 


viation as per log. 


1 7 
1 8 




7 

7 


5 






1 






9 


N.N.W. 


12 


4 


K.E. 


1 


12° W. 






10 




12 


6 












11 




12 










1 
1 




12 
1 


i North. 


12 
IO 




W.N.W. 


1 
i 


2°W. 


Variation 2a W. 




2 


1 


IO 


6 










: 3 




IO 


4 










4 




IO 














5 


S.W. 


6 


2 


W.N.W. 


1* 


<s°w. 






6 


1 


6 


6 








I 


7 


] 


6 


2 








A current set (cor- 


8 




6 








, 


rect magnetic W. b N. 


9 


W. by S. 


7 


4 


S. by W. 


'i 


1 14° w. 


30 miles from the time 




10 


1 


7 


4 






1 

1 


! the departure was 




11 


1 


8 








1 


, taken to the end of 


12 

1 




8 


2 






1 
1 

1 

1 


the day. 


1 
1 








EXAMPL 


E IV. 






H. 


Coubsbs. 


K. A 


Winds. 


Lee- 
way. 


Devia- 
tion. 


1 

Remarks, &c 










pts. 








1 


s.w. i w. 1 


6 5 : 


8. by E. i E. 1 


2 


6°W. 


A point of land in lat. 




2 




6 2 1 








46 t i2'S.,long.2°io'W. 




3 


' 


6 6 . 








bearing by compass 


4 




6 , 7 








E. by S. j 8., 20 miles. , 
(Ship's head W. by i 


5 


, H- * E. 


8 


E.N.E. 


i 


6°E. 


6 

7 
9 


i 


11 






1 


compass.) Deviation 



9 


8. by B. 4 £. 


9 

6 : 2 


S.W. i w. 


>* 


o° 




10 




5 5 










11 


i 


5 ' 1 










12 


1 


4 1 6 










1 


W. by S. | 


6 ' 2 


S. by W. 


ii 


8° W. 




2 




6 1 




^ 1 




Variation 14 E. 


3 




5 1 6 


• 








4 


! 


6 '5 




| 






s 


E.N.E. 


6 : 2 


S.E. 1 


2 * : 


ii° E. 




6 


• 


6 1* 


1 








7 
8 


1 


7 

6 


6 


1 








9 


8.S.W. } W. 


6 7 


8.E. i 


't 


6°W. 


A current Ret the ship 


10 




5 ! a 


1 






S.W. J W. by compass 


11 

1 


1 


5 6 






1 


22 £ miles these last 5 


. " 


1 


5 


7 

1 








hours. 



x.± 
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The Lay's Work. 











EXAMPLE V. 






H. 


Courses. 


K. 


iV 


Winds. 


Lee- 


_ 1 

Devi a- j 


Remarks, &c. 








A V 




way. 


TION. 


1 


) 




1 


pts. 


1 




i 


W.S.W. 


9 


4 


N.W. 


i ' 


io°W. i 


Apoint,lat 35°io'N. 


2 




9 


3 








Ion*. 5 36' W., bear- 
ing by compassE. by S. 


3 




9 


4 








4 




9 


6 








(Ship's head N.N.E.) 


5 


North. 


ii 


4 


W.N.W. 


i 


3°W. 


diet. 9 miles. Devia- 


6 




ii 










tion 9 E. 


7 




ii 


2 








1 


8 




ii 


4 








1 
1 


9 


N.W. 


8 4 


W.fik w. 


i 


17° W. 


1 
1 


IO 




8 


3 










ii 




8 


4 










12 




8 


4 










I i 


S.W . by 8. 


ii 




W. by N. 


i 


5°W. 




2 1 




ii 


5 








Variation 23 W. 


3 




ii 


4 










4 




ii 


4 








j 


5 


W.B.W. 


9 


6 


N.W. 


i 


io° W. 


1 


6 




9 


5 


i 

i 




i 




7 

8 




9 4 

f\ 1 


i 




i 




9 


East. 


9 ! 
6 4 


8.Q.E. 


i 
i 


IS* E. | 


1 
1 


IO 1 




6*41 


i 


i 




A current set the ship ' 


ii 




6 ! 1 






i 


(correct magnetic) 
8.E. by E., 15 miles. 


12 




6 1 

1 1 


1 

i 
i 

i 


i 


i 
i 








RXAMPL 


E VI. 

Lee- 
way. 






H. 


C0UB8B8. 


K. 


A 


Winds. 


Devia- 
tion. 


1 
Remarks, &c. 


1 






pts. 






1 


N.N.W. i W. 


3 i 5 


N.E. 


•J 


2°W. 


A point, lat. 2p°59'N. 
lon£.32°54' K., Searing 


2 




4 * 








3 




4 


3 








by compass N.N E.jE. 
diet. 15 miles. (Ship's 


4 


E.S.E. 


2 


7 


N.E. 


2 


, 7°E. 


5 




3 




. 




■ 


head N.W. by W.) 
Deviation 6° W. 


6 




3 


3 






i 


7 




4 












8 


8. JE. 


5 


4 


E.S.E. 


»i 


2°W. 




9 




5 










a 


IO 




5 


5 










ii 




4 


5 










12 




4 


6 


i 








I 


N.E. J N. 


4 


7 


E.S.E. 


«i 


8*E. 


Variation 25 W. 


2 




4 


2 










3 




4 


4 










4 




3 

! 3 
3 


7 








1 


5 
6 


W. JN. 


5 


s.s.w. \ w. 


1 >1 


9 ° W. 




7 




4 


3 




I 




! A current set the ship 


8 




3 


6 








(correct magnetic) 


9 




! 3 


6 


1 






N E., 30 miW, from 


IO 


N. by E. 


1 8 


5 


1 E. by N. 


i 


6°E. 


1 the time the departure 


ii 




9 


3 








whs tak<*n to the end 


12 




9 


2 








of the day. 



The Da/U Work. 



EXAMPLE VII. 



Apnint.lat. 44°ao'S., 
I long. 176° +e/W.,be«r- 
1 ing by compass E. by 
N. \ N., dintanca 18 
milri. (.Ship's head 
N.N.W.) Deviation 
is per log. 



A current set the ship 
(correct magnetic) 
N. by E., 18 miles, 
from the time the de- 
parture was taken to 
the end of the day. 



WTAMPl.Tl VTTT 



4 J 

4 J 

4 3 
i 4 

5 5 
3 6 
3 5 
3 5 
3 J 
3 3 
3 * 
5 3 
S 3 
5 3 
5 * 



.j°E. 
K° W. 



W.N.W. {Ship'ehead 
E.S.E.), dial. 11 miles. 
Deviation as per log. 



Variation 6o° W. 



A current set the 
ship (correct ma r netio) 
E. byK.JS..49mile«, 
imm the time the (it- 



it 








TA* Doy'« Furl 
EXAMPLE IX. 
















II. 


CoOMEB. 


K. 


A 


Www. 


Lbe- 


Dryia- 


Remarks, ftc 


3 
\ 

7 


South. 
N.E i N. 


S 

6 
6 


s 
s 

4 


E.S.E. 
B. by 8. i 8, 


pll. 


i'B. 

H°E. 


A poi n t, I h t . 59*49' N. 
lonit.4j*54 W,Le H r- 

N.?:. J N-. dUtenre " 
miles. (Ship's head 
South. Deviation u 
per log. 


9 


8.8. W. J W. 


S 

5 
5 


.s 


6.E. i 8. 


'i 


s-w. 






B.J8. 


i 

8 


3 

J 

J 


a by E. j E. 


* 


, 7 -E. 


Variation J3° W. 


i 

i 

9 


S.W. * 8. 
S.B. ) 8. 


t 

5 

6 
6 
6 

6 


S.S.E. j E. 
EbyN. IN. 




5° W. 

io° E. 


A current set the 
ahip (correct magnetic) 
S.E. J E., 1-7 know 
per hour during the 
whole o 1 the day. 








EXAMPLE X. 






H. 


6.™, 


E. 


A 


Wnros. 


St 


D ,^ 


RiiiAHxa, ttc. 






5 
J 

5 

4 
4 
4 
4 
6 


8 

3 
3 
3 
3 
3 


S. by E. 

8. by W. 

S.W. 




6-W. 

io'W. 
SJ* W. 


A point of land, l*t. 

j6".oS.,long.ito=.o' 

W., b-Mrina by com. 

P ah.E.byN.,di.t 14 
miles. (Ship's bead 
S.W. i W.) Devia- 
tion aa per log. 






i 

6 
S 


4 

4 
6 


W.byS. J 8. 


•i 


si-w. 


Variation 10* E. 






5 
5 
7 

7 
S 


1 

4 


8.JW. 


'i 


,'W. 








1 

4 
5 
5 


7 

4 


S. byE 


■* 


J*W. 


A current set the 
ship the lust t hours 

E. J S. (correct mag- 
netic) a milea an hour. 



The Day's Work. 
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EXAMPLE XI. 



H. 
1 


Courses. 


N.W. by W. 


2 




3 




4 

5 

6 


North. 


7 
S 




9 


N.W. by N. 


10 




11 




12 




1 


Wert. 


2 




3 




4 

5 
6 


N.N.E. 


7 
S 




9 


S.S.E. 


10 




11 




12 





K. 


tV 


8 
8 
8 
8 
6 


4 

4 
4 

4 


5 

5 
6 


6 
6 


11 


4 


11 




11 


2 


11 




11 
11 


4 
6 


12 


4 


12 


4 


7 


3 


7 


4 


7 


4 


7 


4 


>9 


5 


9 


5 


9 


4 


9 


4 



Winds, 




N. by E. 



E.N.E. 



N.E. by N. 



8.8. W. 



East. 



East. 



Devia- 
tion. 



Remarks, &c. 



4° W. 



3°E. 



i°W. 



9°W. 



i5°E. 



5°W. 



A point of land in 

lllt - 55° 59 s - * on K- 
67 16' W.. bearing by 

compass E.S.E., dist. 

smiles. (Ship's head 

W.) Dev. 8°W. 



Variation 23 W. 



A current set the ship 
N. by W. correct mag- 
netic, 27 miles, from 
the time the depar- 
ture was taken to the 
end of the day. 



EXAMPLE XII. 



H. 


Coursbs. 


K. 


iV 


Winds. 


Lee- 
way. 


Devia- 
tion. 


Remarks, &c. 












pts. 






1 


W.N.W. 


6 


3 


S.W. 


1 


i8°W. 


A point, Butt of Lewis 


2 




6 


3 








in lat. 5 8° 29' N ., long. 
6° 12' W., bearing by 


3 




6 


2 








4 




6 


2 








compass S.E. by 8., 


5 


8.W. by W. 


6 


2 


N.W. by W. 


ij 


9° W. 


dist. i< miles. (Ship's 
head We*t) Devia- 


6 




5 


8 








7 


1 


5 


6 








tion 1 6° W. 


8 




5 


4 










9 


W. by N. 


5 


2 


N. by W. 


1} 


17 W. 




10 




4 


8 










11 




4 


6 










12 




4 


4 










1 


N. by W. 


3 


2 


W. by N. 


2 i 


7° W. 


Variation 31 W. 


2 




2 


6 










3 




3 


2 










4 


W. by 8. 


5 




N.W. by N. 


if 


i4°W. 




S 




4 


6 










6 




4 


4 










7 




5 










A current set(oorrect 


8 ' 


W.N.W. 


5 


3 


North. 


ij 


i8°"flj. 


magnetic) E.S.E., 9 


9 




5 


3 








miles, from the time 


10 




.5 


4 






f 


the departure was 


11 


North. 


6 


5 


W.N.W- 




2°W. 


taken to the end of 


12 




6 


5 


• 






the day. 
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The Lay's Work. 



EXAMPLE XIII. 




i 

2 

3 

4 

5 
6 

7 
8 

9 

io 

ii 

12 
I 

2 

3 

4 

5 
6 

7 
8 

9 
io 

ii 

12 



Courses. 



S.E. by E. 

;W. by S. 

S.8.W. 

N.N.W. 

N.N.E. i E. 

S.S.E. 

East. 
N.W. 



K. 


A 


3 


2 


3 


4 


3 


4 


5 




4 
4 


4 
6 


4 


5 


4 


3 


4 
3 


2 

6 


3 


4 


3 

2 


2 

8 


2 


4 


2 


2 


I 


8 


I 


6 


2 


4 


2 


2 


2 
I 


4 
6 


I 


4 


I 


5 


I 


5 



Winds. 



8. by W. 
S. by W. 

West. 

Wert. 

East. 

East. 
i 

N.N.E. 
N.N.E. 




Remarks, &o. 



A point of land in 
lat. 62° 9' 8., long. 
140 9 17' E., bearing bv 
compass S.S.W. 4 W. 
diet. 25 miles. (Ship's 
head S.E. } E.) Dev. 
7°E. 



Variation 31* E. 



A currentset by com- 
pass S. J W., 3 miles 
an hour for 7 J hours. 



EXAMPLE XIV. 



H. 


Courses. 


K. 


i 

TV 


Winds. 


Lee- 
way. 


Devia- 
tion. 


Remarks, &c. 








pta. 






I 


8.S.W. J W. 


3 


6 


West. 


'* 


ii° W. 


A point, lat. 50 20' 3. 


2 




3 


«J 








long. 20° 1 o'E.. bearing 


3 




4 . 








by compass N.E.J N. 


4 




4 * 








dist. 15 miles. Devia- 


5 


8.8.W. 


6 1 4 


W. JN. 


it 


io° W. 


tion 25 E. (Ship's 


6 




6 5 








head E. J N.) 


7 




6 


4 










8 




6 


3 










9 


N.N.W. i W. 


6 




W.J 8. 


2 


i 3 °W. 




10 




6 


2 










11 




6 












12 




* 


8 










1 


E. by 8. J 8. 


5 


4 


8. JE. 


*i 


21° E. 


Variation 2 J pta. W. 


2 




5 


6 










3 




5 


5 










4 




5 


5 










5 


S.W. by W. 


5 


4 


Ditto. 


i* 


i8°W. 




6 




5 


4 










7 
8 




5 
5 


3 
6 


* 






A current set the ship 


9 


8. JE. 


10 


6 


West. 





i°W. 


by com pass (correct 


10 




11 


4 








magnetic) E.S.E , 2 


11 




12 


4 








miles an hour during 


12 




12 


6 








the whole day. 



The Bwy'% Work, 
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EXAMPLE XV. 



H. 



i 

2 

3 

4 

5 
6 

7 
8 

9 

10 

ii 

12 
I 

2 

3 

4 

5 
6 

7 
8 

9 

10 

ii 

12 



Courses. 



S. by E. i E. 



8. by W. 



S.8.W. i W. 



W. by S. 



W. 



N.N.W. 



K. 


A 


12 




II 


6 


12 


2 


12 


3 


9 


2 


9 
9 


6 


9 


4 


7 


5 


7 


5 


7 

7 


4 
6 


n 

10 


3 
8 


IO 


8 


IO 


6 


9 
9 


8 
6 


9 
9 


4 
6 


9 


3 


9 
9 


4 
6 


9 


5 



WIND8. 



Lee- I Devia- 

WAY. TION. 



E. JS. 



8.E. by E. 



W. 



N.W. by N. 



N.N.W. 



W. 



pts. 



i 



'i 



5°E. 



26 E. 



2j°W. 



J i6J 8 E. 



i7°E. 



} 2oJ° W. 



Remarks, &c. 



A point of land in 
lat. 46° 20' 8., long. 
1 7 6°44* W. , bearing by 
compass E. by N. J N. 
diet. 23 miles. ({Ship's 
head 8. by E. } E.) 
Deviation as per log. 



Variation 15° E. 



A current set the 
ship N.W. J W. (cor- 
rect magnetic) ij 
knots per hour, from 
the time the departure 
was taken to the end 
of the day. 



EXAMPLE XVI. 



E 


Coussbs. 


K. 


A 


Winds. 


Lbi- 


Devia- 


Rbmabxs, &c. 












WAT. 


tion. 






1 

1 




pts. 






I 


E. JN. 


4 


8 


S.S.E. $ E. 


I± 


12° E. 


A point of land in 


2 




5 


2 








lat. 46° 37' N., long. 


3 




5 


2 








53° 3°' W " bearing by 


4 




4 


8 








compass S.W. f W. 


5 


N. by E. | E. 


7 




E. JN. 


4 


20° E. 


dist. 19 miles. (Ship's 


6 




7 


6 








headE.JN.) Devia- ! 


7 




8 


8 








tion as per log. 


8 




9 


6 










9 


8 .E. i S. 


10 




N.E.byE.JE. 


* 


9 °W. 




10 




9 


6 










11 




9 


4 










12 




10 










Variation 31* West. 


1 


W. by N. i N. 


9 




S.W. J W. 


* 


6°W. 


2 




8 


6 










3 




9 










• 


4 




8 


4 










5 


N.E. f E. 


10 


4 


N.N.W. 


i 


20°E. 




6 




10 


6 








A current set the 


7 




9 


8 








ship(correct magnetic) 


8 




9 


2 








E. by N. J N., i 7 


9 


8.E.byE.f E. 


8 


5 


N.E. i E. 


I 


2°W. 


mile*, from the time 


10 




8 


5 








the departure wus | 


11 




7 


8 








taken to the end of 


12 




7 


2 








the day. 



2l6 



The Day'* Work. 



EXAMPLE XVII. 



H. 


COURSES. 


K. 


1 
& 


1 

Winds. 


Lee- 


Devia- 


1 Remarks. &c. 






1 


1 u 




way. 


tion. 


1 ' 
1 








pu. 




1 


i 


W.N.W. 


in 


4 


S.E. 


i ° 


*3i° w - 


! Apoint,lat.5i c 8t'N. 


2 




l r 3 






1 




long, r 2 3' E., bearing 


3 




'3 


6 






1 


by compass 8. W. f S., 


4 


W. JS. 


10 




s.s.w. 


.j 


23* W. 


diet. 25 miles. /'Ship's 


5 




9 


6 








head W.N.W.* Dev. 


6 




9 


4 








as per log. 


7 




9 


5 


t 








8 




9 


5 










9 


West. 


8 


4 


N.N.W. 


i 


*3i° w. 




10 




8 


4 








1 


ii 




8 


4 










12 




8 


6 








Variation 25 W. 


I 


N. f E. 


9 


5 


N.W. by W. 


i 


5l°E. 


1 


2 


• 


9 


4 










3 




9 


6 










4 




9 


4 










5 


North. 


10 


5 


W.N.W. 


i 


oJ°E. 




6 




10 


6 






■ 




7 




11 






1 




A current set the ship 


8 




IO 


4 




1 




N.W. by W. | W., I 


9 


N.W. J W. 


7 


4 


N.byE.JE. 


i 'i 


2O W. 


correct magnetic, 32 


IO 




7 ' 


1 






miles from the time the 


ii 




7 


4 


1 


1 

! 




departure was taken to 


12 




7 


4 


1 


1 




the end of the day. 

- 


• 






EXAMPLE 


XVTE 


[. ' 


/ 


1 H. 

i 


Courses. 


1 


Winds, 


Lee- 
way. 


Devia- 
tion, j 


Remarks, &c. ' 

1 








pts. 


1 




i 


E.±S. 


12 4 


North. 





20°E. 


A point lat. 37 C 45'N. 


2 




'3 








long. 15 o' E., bear- 


; 3 




'3, * 








ingby compass W.JN. 


4 




'4, 








dist. 42 miles. (Ship's , 


1 5 


E. JS. 


12 


N.N.E. i E. 


i 


i7°E. 


head E. J S. Devia- 1 


6 




11 


4 








as per log. 1 


7 




11 


6 










8 




12 












9 


S.S.E. 


5 


4 


East. 


>i 


2 8 E. 




IO 




5 


5 






1 

1 




ii 




5 


6 






1 




12 




5 


5 






1 


1 


I 

0m 


N.N.E. 


2 


4 


East. 


3i 


n° E. 


Variation 14 W. 


Z 

3 




2 
I 


6 










4 




2 








1 




5 


E. iS. 


9 


5 


N.N.E.±E. 


i 


17° E. 




6 


1 
1 


9 


5 










7 

8 1 

9 i 


1 

1 


9 












E S.E. 


9 

8 


4 


N.E. 


1 


14° E. 


A current set E.S.E. 


. io ! 


1 


8 6 








(correct magnetic) 


ii 


1 


8 


5 


1 






2 J miles per hour for 


12 | 

1 


1 


9 






• 


1 


the last 21 hours. 

1 
1 
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No. 



19. 



Course* 



8.JW. 

E.N.E. 

S.S.E. 

E.S.E. 

S.E. 

E.N.E. 

N.W. by N. 

b.E. * E. 



E. 4] 
N.E. 



S.W. 

W.N.W. 

W. by S. 

S.E. by S. 

S.W. by W. 

E. by 8. 

S.8.W. } W. 

8. by E. 

8.W. i 8. 



21. 



East. 

South. 

N.N.E. 

S.E. JE. 

E.o.E. 

E. by N. i N. 

East. 

E. IN. 



22. 



W.N.W. 

S.W. by W. 

N. by E. J E. 

N.W. 

N. JW. 

S.W. J w. 

W.N.W. 

S.W. by W. 

N.byW.JW. 



DlST. 



9 
11 

'9 

*3 
26 

7 
10 

22 
'3 



io*7 

8*7 
27-9 

28 
8*7 

I2'2 
JI'4 
III 

6-7 



28. W.JN. 
W. 
N.N.W. 
S.W. by W. 

s.s/w. 

• S. byE. 



38 
26 

34 
56 

45 
26 



Winds. 



Lee- 
way. 



S.E. by E. 

S.E. 

East. 

N.E. 

E.N.E. 

N. 

N.E. by N. 

N.E. by E. 

N.N.W. 



W.N.W. 

S.W. 

S. by W. 

S.W. by S. 

8. by E. 

S. by E. 

S.E. £ .0. 

S.W. by W. 

W. by N. i N. 



S.S.E. 

E.o.E. 

East. 

N.E. by E.J E. 

N.E. 

N. by E. 

N.N.E. 

S.E. by S. 



North. 

N.W. by W. 

N.W. J W. 

N.N.E. 

W.N.W. 

W.N.W. 

S.W. 

N.W. by W. 

N.E. J E. 



IN.byW.JW. 

N.N.W. 

N.E. 

N.E. 

S.E. 

8.W. by W. 



ii 



:i 



I: 



21 

3 

2; 



■i 

% 

o 



Devia- 
tion. 



W. 

E. 

E. 

E. 

E. 

E. 

W. 
io-E. 
i5°E. 



i" 

1 8° 

6° 

13° 

io° 

1 8° 
1 6° 



W. 
W. 

w. 

E. 
W. 

E. 
4 W. 

2°E. 

6° W: 



io° 
ii° 

S° 
8 9 

10° 



n* E. 

i°E. 

4 E. 

7°E. 

8°E. 
ii° E. 
ii° E. 
io°E. 



W. 

W. 

E. 

W. 

W. 

7 °W. 

io° W. 

8°W. 

4° W. 



io w 

8° 

3° 
8° 

_o 



12° W. 

13 W. 
5 W. 
8° W. 
3°W. 

2°E. 



Remarks, &c. 



A point, in lat. 34 50' S., 
long. 20 1' E , bearing by 
compass N. JW., distanoe 
15 miles. Ship's head 
S. by E. £ E. Dev. 5 E. 

Variation 28 Wert. 

A current set by compass 
W. by 9., 2$ miles an hour 
from the time the departure 
was taken to the end of the 
of the day. 



A point, in lat. 25° 39' S., 
long. 45 7' E., bearing by 
compass N.E. by E. A E. f 
distance 17 miles. (Ship's 
head S.W.) Dev.asperlog. 

Variation 22 West. 

A current set by compass 
S.W. £ W., 35 miles, from 
the time the departure was 
taken to the end of the day. 



A point, Cape East, in lat. 
17° 42' 8., long. 178°40'E., 
bearing by compass w. } 8. 
dist. 23 miles. (Ship's head 
East. ) Der. as per log. 

Variation 14° East. 

A current set by compass 
E. by N. } N., 48 miles, from 
the time the departure was 
taken to the end of the day. 



# 



A point, lat. 56 2/ 8., 
long. 68° 37' W., bearing by 
compass E. } 8., distance 
miles. (Ship's head 
N.W. ) Dev. as per log. 

Variation 22& East. 

A current net the ship 
S.8.W. i W. (correct mag- 
netic), 19 miles, from the 
time the departure was 
taken to the end of the day. 



A point, in lat. 16 5' S., 
long. 179 36' W., bearing 
by compass N.E., dist. 
15 miles. (Ship's head 
8.W. by W.) Der. 8° W. 

Variation 37 West. 

A current set the ship 
during the day S.W. 3} S. 
(correct magnetic) 24 miles. 



»F 



PRELIMINARY RULES IN NAUTICAL 

ASTRONOMY. 



CIVIL AND ASTRONOMICAL DAT. 

261. The Civil Day, or common method of reckoning time, begins at 
midnight, and ends the following midnight, the interval being divided into 
two periods of 1 2 hours each ; the first twelve hours, from midnight to noon, 
are denoted by a.m. (ante meridian) ; the latter, from noon to midnight are 
styled p.m. (post meridian J ; thus we say 10 a.m. when an event occured at 
10 o'clock in the morning, and 10 p.m. when it occured at 10 o'clock in the 
evening. 

262. The Astronomical Day begins at noon and ends at the following 
noon, and is later than the civil day by twelve hours. The hours are. 
reckoned throughout, or continuously from o h to 24 h . The distinction of 
a.m. and p.m. is not recognised in astronomical time. Thus, 1 1 o'clock in 
the forenoon of the second of January in the civil reckoning of time corres- 
ponds to January 1 day 23 hours in the astronomical reckoning ; and 1 o'clock 
in the afternoon of the former to January 2 days 1 hour of the latter 
reckoning. 

263. Since the civil day commences at the midnight preceding the noon 
which commences the astronomical day, it is evident that the civil mode of 
reckoning is always twelve hours in advance of the civil reckoning, and hence 
we have the following Eule for converting civil into astronomical time. 

Given civil time at ship, to reduce it to astronomical time. 

EULE LXXVII. 

i°. If the civil time at ship be p.m., it will also be astronomical time, p.m. being 
omitted. 

2 . If the civil time be a.m., add twelve to the hours and subtract one from the 
days of the month ; also omit a.m. The result in each case is the Astronomical 
Date. 

Examples. 

Ex. 1. May 10th, at 5 h 30™ p.m., civil time is 5 h 30™ astronomical time of the same Afcte; 
because the 10th astronomical day begins at noon of thf 10th civil day, and 5 h 30* have 
elapsed since that noon. But 5 l) 30™ a.m. civil time on May 10th is i7 h 30™ astronomical 
time on the 9th of May, for the 9th day of the month, according to the astronomical reckon- 
ing, commences at noon of th«; 9 f h civil lime, and ends at noon of the 10th civil day (the 
hours being reckoned up to 24), and $ h 30°' a.m. of the 10th is 17'* 30™ from noon of the 9th. 

Ex. 2. October 7th, at 3*' 20™ p.m., civil time, is October 7th, at 3 h 20™ astronomical 
time. (See i° of Rule LXXVII.) 

Ex. 3. October 7th, at 3 b 20™ a.m., civil date, is October 6 J 15 11 20™ astronomical date; 
since 7 d less i d is 6 d , and i2 h added to 3 h 2o m is i$ h 20™. (See 2 of Rule). 

Ex. 4. January 31st, at 7 b 20- p.m., civil time, is January 31st, at 7 h 20- astronomical 
time. (Rule LXXVII, i°.) 



Longitude in Are and Longitude in Time. 



219 



Ex. 5.- February ist, at 6 h i8 m a.m., civil date, is January 3i d i8 h i8 m astronomical date; 
apse February i d , diminished by i d , gives January 3i d , and ia h added to 6 h i8 m is i8 h i8 m . 
(Role LXXVII, 2 .) 

Ex. 6. What is the astronomical date corresponding to 1873, January ist, 8 h a.m. The 
corresponding astronomical date is 187a, December 31* ao h . In this case the year is 
diminished by 1, since in diminishing the day of the month by 1, the reckoning throws us 
back into the last month of the previous year, i.e., the day before January ist, 1873, also n h 
iddtd to 8 h is 20*. 

Examples fob Pbactice. 
Express the following dates in astronomical time. 



1. Jan. 2nd, 4 h 

a. Feb. 27th, 8 

3. Aug. 14th, 6 

4. April ist, 7 

5. June 4th, 4 
& Sept. ist, 8 



38 
12 

28 

54 
18 

10 



m 



9 a A.M. 

O P.M. 
40 P.M. 
19 A.M. „ 

3 A.M. 
52 A.M. 



7 
8 

9 
10 

11 

12 



Dec. 31st, 6 h 

July ist, 8 

July ist, 11 

Oct. ist, o 

1872, Jan. ist, 8 

1873, Jan. ist, o 



i8 m 34 g p.M. 
3 24 *•*• 

30 IO A.M. 

IO 12 P.M. 

9 50 A.M. 

44 12 A.M. 



264. Given the astronomical date to find the corresponding civil date. 

RULE LXXVI1L 

If the hours of astronomical time he less than n b write p.m. after it, and it will 
he the required civil time ; hut if the astronomical time be greater than 1 2 h , add 
1 to the days, diminish the hours ly iz and write a.m. after it : the result will 
be the required civil time. 

Express the following astronomical dates in civil time : — 



(1.) 
(3.) 

Is-) 



Jan. 

Feb. 

May 

Mar. 

Sep. 

Aug. 



10th, i6 h 31™ 15 s 
3rd, 11 28 56 

17th, 7 15 ii 

13th, 23 15 7 
ist, 8 10 54 

31st, 20 10 54 



(2.) Oct. 14th, 15 1 

Dec. 3rd, 5 

(4.) Mar. 31st, 23 

Mar. 2 ist, 7 

(6.) 1872, Jan. ist, 9 

1872, Dec. 31st, 22 



17™ 
16 
10 
24 

50 
48 



13- 
12 
16 
12 

4* 
56 



LONGITUDE IN ARC AND LONGITUDE IN TIME. 



269. The earth rotates uniformly on her axis once in twenty-four hours, 

aad thus every spot on her surface describes a complete circle, or 360 , in 

that space of time ; hence the longitude of any place is proportional to the 

time the earth takes to revolve through the angle between the first meridian 

and the meridian of the place, and thus the longitude of a place may be 

expressed either in are or in time* Longitude in arc and longitude in time 

are easily convertable, for since 360 is equivalent to 24 h (360 -7- 24 = 15 ), 

15° is equivalent to i h ; 15' to i m , and 15" to 1"; whence 

i° is equivalent to 4 m (».*., the 15th part of 1 hour or 6o m ) 
1' „ 4« (».*., the 15th part of 1 minute or 6o») 

1' „ 4t (i.e., the 15th part of 1 second or 6ot)f 

aad the following rules are sufficiently clear. 

a * In reckoning by arc, each degree is divided into sixty minutes, and each minute into 
sixty seconds. In reckoning by time, each hour is also divided into sixty minutes, and the 
minutes into sixty seconds. But a distinct notation for each of theso has been adopted, 
degrees, minutes, and seconds, being represented by ° ' r , and hour*, minutes, and seconds, 
toy h ■ • ; and care should be observed not to use the same m;«xkH tor both, ejpat confusion 
szisag from so doing. 
t A. third is the name given to the sixtieth part of a second. 
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To convert arc (or longitude) into time. 

RULE LXXIX. 

Multiply the degree*, minute*, frc, by 4, this turn* the degree* (°) into minutes 

( m ) of time, minute* (') info second* (■) of time, and the second* (") into third* (*) of 

time ; or, in other words mark the resulting figures thus : — Those under second* 

(") third* (*), those under minute* (') seconds {*), those under degrees (°) minute* ( m ) 

and those to the left of the latter, hour* ( h ). 

Notr.— Instead of thirds it ii customary to use tenths of seconds, in which case the thirdi 
nrast be reduced to tenths by dividing by 60, (See Rule XVIII, page 43). 

Examples. 



Ex. 1. Convert ia° 18' 15* into time. 
ia° 18' 15* 

4 



49 m 1 3' ot 

Four times 15" are 60", which contains 60 once and 
o over, write this reinai rider down under the seconds 
(") and mark it thirds (t) as directed in the rule, 
carrying; the 1 ; Again 4 times 18' axe 72, and the 
I' carried make* 73 ; 60 goes in 73 once, and 13 oyer ; 
write this remainder (n) under the minutes ( ) and 
call them seconds (•) and carry the 1 ; Again, 4 times 
ia are 48, and 1 carried makes 49 write this under 
degrees (°) and mark it minutes («) ; whence the time 
corresponding to arc 12° 18' 15" is 49" 13* ot. 



Ex. 3. 



Ex. 2. Convert 25° 15' 16" into time. 

25° '5' l6 * 

4 



i h 4i m i* 4t 

Four times 16" are 64", which oont&ina 60 once and 
4 over, and according to rule this remainder placed 
under seconds ( ') becomes thirds (t), and the 1 w to 
be carried : Again, four times 15' are 60 and 1 carried 
makes 61 ; which contains 60 once and 1 over, write 
the remainder 1 under minutes ('}, and carry 1 ; 
four times 25 are 100 and 1 carried gives 101, and 60 
into 101 goes once and 41 remainder, which remainder 
being placed under degrees (°) gives minutes (■) 
and the 1 carried on being placed to the left of the 
latter is marked hours (>•) ; whence i h 41* i« 4t is the 
time corresponding to the arc 25° 15* 10". 



Turn 77 2* io f in1 

77° 2' 10* 

4 


» time. 

6o)40t*o 
•66 


Ex. 4. 
127 32' 4c 

or, 


What time 

>*? 

127 32' 40' 

4 


corresponds to 
6o)4Ot*0 


$ h 8™ 8 B 4©t 


•66 


gh 3pm uo» ^ot 


or, 5 h 8 m 8«*66 


4ot*66 




8 h 30« io*-66 





Ex. 5. What time is equivalent to 

15° 47' S*" ' 

15° 47' 5» y 
4 



Ex. 6. Convert 17 8° 45' 53* into time. 

i7»°45'53* 

4 6o)32t*oo 



" h 55™ 3* 3 2t 



53 



or, n h 55 m 3"\S3 



I 

1 

or, i h 3 m n»-86 I 

Examples for Pkactice. 
Reduce the following arcs into time : — 

1. 1 8° 54' ; 12 40' 45" ; 1 37» 27' ; 96 10' 45" ; and 89 16'. 

2. 67 42' ; 76 20' 30"; i° 25'; 140 32' 10" ; and 69 29'. 

3. o 9 58'*6 ; 49 4' 20' ; o° 26 8 ; 14 2 30" ; and 130 19'. 

4. 9» 14' ; 163 2' 48' ; o° 37' 4" ; 2 18' 12" ; and 170 15'. 

5. 108 37' ; io° 27' 14* ; 2° 29' ; 84" 4*' 3°" 5 »*d °° 34*'- 

6. o° I3''5 ; 51 10' i2 ¥ ; 156° 52' ; 178° 49' 45" ; and o° 4 i''7. 

TO CONVERT TIME INTO LONGITUDE. 
It has been shown (No. 26$, page 219,) that 4™ of time are equivalent to 
i° of arc ; hence it is evident that if we bring any given time into minutes, 
and divide by 4, we shall have the corresponding arc in degrees, minutes, 
and seconds. This is the reverse of the last process. 
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RULE LXXX. 

Reduce the hours and minutes into minutes, after which place the seconds, Sfc, 
then divide all by 4, and the quotient will be the degrees, minutes, Sfc, of the corres- 
ponding arc; or, in other words, after dividing by 4, mark the resulting 
lignresthus : — Those under minutes (*■) degreess (°) ; those under seconds (') minutes 
('), those under thirds ( t ) seconds ("). 



Ex. 1. Turn i h 5™ 12* into arc. 

i h 5 m 12" 

60 

4)65 m i2"ot 

16 18' o* 

Multiply i h by 60 add the minutes (5) and divide 
ly 4, the quotient is 16* with remainder 1 . Multiply 
this remainder by 60, and to the product add the 12 
sounds; the sum is 72 : Again, the quotient of 72 
divided by 4 is 18, which is minutes (') ; whence the 
tie corresponding to the time i h $ m lz " i* 10 ° *8 • 



EIAMPLE8. 



Ex. 2. 



Reduce 6 h 24™ 43* into arc. 

6 h 24 na 43" 
60 



4)384 m 43 , ° t 



9 6< 



10' 45< 



Multiplying 6* by 60, and adding the 24" to the 
product, gives 384 as the sum ; the quotient of this 
divided by 4 is 96°, with no remainder. 43« divided 
by 4 gives quotient io' with remainder 3 : remainder 
3 multiplied by 60 gives 180 which divided by 4 gives 
quotient 45" : therefore 06 10' 45" is the arc whioh 
corresponds to 6* 24"° 45*. 



Ex. 3. What arc corresponding to 

c* 47» 36- ? 

4)0* 47« 36* 

»° 54' 

In this instance it is not necessary to multiply by 
62, a« there axe no houre to reduce into niinutes: we 
divide 47* at once by 4. 



Ex. 4. What is the equivalent arc to 
9 b *5 m 37'? 

9 h 2 5 m 37 s 
60 



4)5 6 5 m 37 , o t 



141- 24' 15* 



Ex. 5. Convert 8 b i7 m 35 §, 5 into arc. 



8h I7 m y S - s 
60 

4)497 m 35- 3o* 



1 24 23' 52*\s 



5 
6 



30 



Multiply the hours (8*) by 60, and adding the 
minutes (17*) to the product gives 497"* ; divide the 
'•suit by 4 ; the quotient is 124°, with remainder 1. 
Again, multiply the remainder just obtained (i°) by 
60, and to the product add the seconds of time, vis., 
35* » the sum is 95, then divided by 4, the quotient is 

3' (minutes of arc) with remainder 3. Next multi- 
r this last remainder by 60, the product is 180, to 
which add the 3ot ; and the sum 2x0 divided by 4 
gives 52" of arc, and remainder 2, to which annex a 
cypher and divide by 4, the quotient is '5 of seconds 
of ne. 



Ex. 6. Convert n h 39 m 50*7 into arc. 

1 i h 39 m 5o ,# 7 "j* 

60 6 

4)699" 50* 42t 42 

i74"57' 4o*\5 

Multiply zx 11 by 60 and to product 660 add 39% 
dividing the sum, viz., 699 by 4 gives 174° with re- 
mainder 3 ; this remainder (3) multiplied by 60, and 
50* added to product gives 230 ; this sum divided by 4 
gives 57* with remainder 2 ; remainder 2 multiplied 
by 60 and 42* added, gives sum 162, which divided by 
4 gives 40" and remainder 2 ; remainder 2 with a 
cypher annexed and divided by 4 gives quotient '5 ; 
whence the arc corresponding to n k 39* 50*7 is 
x 7 4° rf 4o"5- 



Examples fob Practice. 



Convert the following times into arc : 



I. 


ih ,3m ^j. 


6. 


9 h 


49* 38* 


11. 


h 2i m %&'$ 


16. 


Oh 


20 m 4I« 


1. 


3 52 4 


7- 





34 5** 


12. 


11 41 6'66 


'7- 


8 


36 $6 


3- 


O 42 12 


8. 


1 


41 i*6 


13. 


3 52 


18- 


5 


• 5' 


4- 


II 15 31 


9- 


5 


59 4 


«4- 


9 56 


19. 


11 


59 57 


* 


4 39 5 


10. 


8 


17 6 


'5- 


52 


20. 





* 5* 



GREENWICH DATE. 



REDUCTION OF GREENWICH DATE. 

266. Def. — The Greenwich Date is the day and time (reckoned astro- 
nomically) at Greenwich corresponding to a given day and time elsewhere. 
It is necessary to find the Greenwich date before the information contained 
in the Nautical Almanac can be made available, because all the elements 
there tabulated are given for time at the meridian of Greenwich. 

As in almost every computation of nautical astronomy we are dependent 
for some data upon the Nautical Almanac, — and these are commonly given 
for Greenwich, — it is generally the first step in such a computation to deduce 
an exact or, at least, an approximate value of the Greenwich astronomical 
time. It need hardly be added that the Greenwich time should never be 
otherwise expressed than astronomically. 

The Greenwich Date is found at once from a chronometer, the error and 
the rate of which is known; but it can also be found by means of the 
approximate time at place and the approximate longitude. 

To find the Greenwich date, the time at any other place and the longitude 
being given. 

RULE LXXXI. 

i°. Express the ship time astronomically (Rule LXXVJLL, page 218). 

2 . Convert the longitude into time (Rule LXXIX, page 220). 

3 . In West longitude. — Add longitude in time to ship time; the sum, if lees 
them 24 hours, is the corresponding Greenwich date on the same dag with the ship 
date ; if greater than 24 hours, reject the 24 hours, and put the dag one forward. 

4°. In East longitude. — From ship astronomical time subtract longitude in 
time, if less than the hours, minutes, fyc, of ship date ; the remainder is the 
corresponding Greenwich date of the same dag as the ship date ; if the longitude in 
time be greater than the hours, minutes, Sfc, of ship astronomical, add 24 hours to 
the latter, and put the day one lack before the subtraction is made. 

5 . When it is noon at the place. — The longitude in time, if west, is the 
Greenwich date (apparent time J ; but if east, subtract the longitude in time from 
24 hours ; the remainder is the Greenwich date (apparent time J after noon of the 
preceding day. 

(a). From this last it is evident that when the sun is on a meridian in 
West longitude, the Greenwich apparent time is precisely equal to the longi- 
tude, that is, the Greenwich apparent time is after the noon of the same date 
with the ship date, by a number of hours, &c, equal to longitude. When 
the sun is on a meridian in East longitude, the Greenwich apparent time is 
before the noon of the some date as the ship date, by a number of hours equal 
to the longitude in time. 
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Non.— A bad habit prevails in writing dates, of separating the month and day from the 
hours, minutes, and seconds. The day of the month should always precede the minor divisions of 
time which give the precise instant of the day intended. 

EXAMPLB8. 

Ex. 1. November 9th, at 4 h io* p.m., apparent time at ship, longitude 31° 45' W.: 
required the corresponding time at Greenwich, or the Greenwich date. 



Ship date (A.T.) Nov. 9 d 4 h io» 
Long, in time + 2 1 1 

Greenwich date, Nov. 9 621 



Ex. 2. June 5th, at 7 h 15™ a.m., app. 
time at ship, longitude 140 30 £. : find cor- 
responding Greenwich date. 



Longitude 32 45' 

4 



June 4 d i9 h i5' 
— 9 22 



Ship date (A.T.) 
Longitude in time 

Green date (A.T.) June 4 9 53 

Ex. 4. April 27th, at 5 h 35 m 45* a.m., app. 
time at ship, long. 122 13' W. : what is 
corresponding Greenwich date P 

Ship date (A.T.) April i6 d 1 7 h 35 m 45' 

Longitude 122 13' W. + 8 8 52 

26 25 44 37 
— 24 



6,0)13,1 o 

2 h II m O« 

Ex. 3. January 3rd, at 8 h i2 K p.m., mean 
time at ship, long. 50 45' E. : find Green- 
wich date. 



Ship date (M.T.) 
Longitude in time 

Green, date (M.T.) 



January 3 d 8 h i2 m 
— 3 *3 

Jan. 3 4 49 



Green, date (A.T.) April 27 1 44 37 



Ex. 5. July 20th, at 3 h $$ m 7* p.m., mean 
time at ship, long 85 24' E. : find corres- 
ponding Greenwich date. 

Ship date (M.T.) July 20* 3*31* j« 

+ 24 



Longitude 85° 24' E. 
Green, date (M.T.) 



or 19 27 35 7 
— 5 4' 36 

*9 2I 53 3 1 



In example 4, the added longitude advances the day of the month. (This illustrates latter part of 3° of the 
Bule.) In example 5, a day (or 24 hours) its borrowed before the subtraction is made, since the longitude in 
tine exceeds the astronomical ship date, thus making the days of the month at Greenwich one less than at the 
place. (This illustrates the latter part of 4 of the Rule. ) 



Ex. 6. 1873, January ist, 3 h 40 ro 20" p.m., 
mean time at ship, long. 95° 7' E : find the 
Greenwich date. 

Ship date (M.T.J 1873, Jan. i d 3»»4o n »20 a 
Longitude 95 7 E. — 6 20 28 



Ex. 7. 1872, January ist, 9 h i m a.m., 
mean time at ship, long. 107 4' W. : find 
the Greenwich date. 

Ship date (M.T.) 1871, Dec. 31* 21* i» o» 
Longitude 107* 4' W. +7 8 16 



Green, date (M.T.) 1872, Dec. 31 21 19 52 ' Green, date (M.T.) 1872, Jan. 1 4 9 16 



Ex. 8. 1872, June 12th, 6 h 40™ a.m. app. 
time at ship, long. 42 16' W. : find the 
Greenwich date. 

8hip date (A.T.) June 1 i d 1 8 h Ao» o" 

Longitude 42 16' W. + 2 49 4 

Green, date (A.T.) June 11 21 29 4 

Ei. 10. Enquired the Greenwich dato 
when the sun is on the meridian of a place 
in long. 8o° 44' E., on January 12th. 

The buti being on the meridian, it is 
apparent noon : hence 

8hip date (A.T.) Jan. I2 d o h o" o« 

Longitude 8o° 44' E. — 5 22 56 

Green, date (A.T.) Jan. 11 18 37 4 

In example 10, the hours, &c, of longitude to be subtracted are to be taken from a bontfcred dkjr, or 4+ 
benn, thus w»«WTig the day of the month at Greenwich one less than at the place. (Bee 5° of Sole.) 



Ex. 9. 1872, October ist, long. 2 W., 
the sun on meridian : required Greenwich 
date (app. time). 

Ship date (A.T.) October i0 o>> o» 

Longitude 2 a W, +8 

Green, date (A.T.) October 108 

Ex. 11. What is the Greenwich date 
when the sun is on the meridian of a place 
in long. 155 19' W., on March 31st P 

Ship date (A.T.) March 31* o h o m o* 
Longitude 155* 19' W. -f- IO 2I 16 

Green, date (A.T.) March 31 10 21 16 
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Ex. 12. 1 872, February ist, long. 1 35° £.: 
find the Greenwich date when the sun is on 
the meridian. 



Ship date (A.T.) February i d o* 
Longitude 135 E. — 9 



o« 



Green, date (A.T.) January 31 15 o 



Ex. 13. 1873, January ist, the ship in 
long. 160 30' E. : required the Greenwich 
date when the sun is on the meridian. 

Ship date (A.T.) 1873, Jan- » d ^ °* 



Longitude 160° 30' E. 



— 10 42 



Green, date (A.T.) 1872, Dec. 31 13 18 



Examples fob Practice. 
Required the Greenwich date in each of the following examples : — 



I. 


1876, 


January 6th 


at 3 h 40 m i6 , p.M. 


apparent time 


long. 


66° S C 


o'W. 


2. 


>> 


February 13th 


at 8 40 3 a.m. 


apparent time, 


long. 


21 4 


W. 


3- 


» 


February ist 


at 5 10 50 a.m. 


mean time, 


long. 


145 20 


30 E. 


4- 


» 


March 15 th 


at 9 16 22 p.m. 


apparent time, 


long. 


17 4 


E. 


5- 


it 


May 15th 


at 8 38 35 a.m. 


apparent time, 


long. 


Hi 5 1 


15 W. 


6. 


n 


November ist 


at 5 10 p.m. 


mean time, 


long. 


114 30 


E. 


7- 


>* 


December ist 


at 8 5 a.m. 


mean time, 


long. 


158 10 


W. 


8. 


»i 


July ist 


at 4 33 p.m. 


apparent time, 


long. 


no 55 


15 E. 


9- 


»» 


August 4th 


at 6 31 32 p.m. 


apparent time, 


long. 


100 17 


30 E. 


10. 


it 


September ist 


at 8 29 1 a.m. 


mean time, 


long. 


148 47 


30 W. 


if. 


it 


December 28th 


at 2 42 10 p.m. 


mean time, 


long. 


50 40 


E. 


12. 


it 


July 8th 


at 4 36 a.m. 


apparent time, 


long. 


178 51 


W. 


13- 


it 


February ist 


at noon, 


apparent time, 


long. 


'53 40 


E. 


14. 


it 


June ist 


at noon, 


apparent time, 


long. 


83 50 


E. 


'5- 


it 


March 2nd 


at noon, 


apparent time, 


long. 


1 *5 


W. 


16. 


1877, 


January ist 


at noon, 


apparent time, 


long. 


149 10 


E. 



REDUCTION OF ELEMENTS FROM NAUTICAL 

ALMANAC. 



The Nautical Almanac 11 ' or Astronomical Ephemeris contains the right ascen- 
sion, declination, &c, of the principal heavenly bodies for given equidistant 
instants of Greenwich time ; the right ascension and declination of the sun 
and planets, for example, being given for every day at noon (o h o m o'), at 
Greenwich while for the moon these elements are given for every hour. 
Before we can find from the Almanac the value of any of these quantities for 
a given local or ship time, we must find the corresponding Greenwich date 
(Eule LXXXI, page 222). Where this time is exactly one of the instants 
for which the required quantity is put down in the Ephemeris, nothing more 
is necessary than to transcribe the quantity, as there put down. But when, 
as is mostly the case, the time falls between two of the times in the Ephemeris 
we must obtain the required quantity by interpolation, it being requisite to 
apply a correction to that taken from the Almanac, in order to reduce it to 
its value at the given instant. To facilitate this interpolation the Almanac 
contains the rate of change, or difference of each of the quantities in some 
unit of time, or, which is in general the simplest method, we may make use of 
certain tables computed for the purpose, called tables of proportional logarithms. 

* The French Ephemeris, La Ctonnaienmce des Temps, is computed for the meridian of 
Paris, the German Berliner Attronomisehee Jakrbuen for the meridian of Berlin. All these 
works are published annually several years in advance. 
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To use the difference columns with advantage, the Greenwich time should 
be expressed in that unit of time for which the difference is given : thus, when 
the difference is for one hour, the time must be expressed in hours and 
decimals of an hour ; when the difference is for one minute of time, the time 
should be expressed in minutes and decimals of a minute. 

267. Simple Interpolation. — In the greater number of cases in practice, 
it is sufficiently exact to obtain the requisite quantities by simple interpolation ; 
that is, by assuming that the difference of the quantities are proportional 
to the differences of the times, which is equivalent to assuming that the 
differences in the Ephemeris are constant. This, however, is never the case ; 
but the error arising from the assumption will be smaller the less the interval 
between the times in the Ephemeris; hence, those quantities which vary 
most irregularly, as the Moon's Eight Ascension and Declination, are given 
for every hour of Greenwich time ; others, as the Moon's Parallax and 
Semidiameters, for every twelfth hour, or for noon and midnight ; others, as 
the Sun's Bight Ascension, &c., for each noon; others, as the right 
ascensions and declinations of the fixed stars, for every tenth day of the year. 

TO KEDUCE SUN'S DECLINATION. 

268. The declination of the sun is given in the "Nautical Almanac," 
pages I and II of .each month, for every day both for apparent and mean 
noon at Greenwich. The difference of declination for one hour (" Tar. in 1 
hour ' V is always annexed, and is intended to facilitate the reduction of the 
quantities from noon to any other time. In general it is necessary to take 
out the required quantities for the nearest Greenwich time to the given 
time, and interpolate in either direction to the given instant of Greenwich 
time. 

Method I. — By hourly difference.* 
EULE LXXXII. 

1°. Get a Greenwich date by means of ship time, expressed astronomically , and 

longitude (see Bule LXXXI, page 222), or by means of chronometer. 

To express the Greenwich time in hours and decimals of an hour. Annex a cipher to the 
minutes and divide by 60, or divide the minutes by 6, and consider the quotient as tenths of an 
hour, and to this prefix the hours. For example, let it be required to express 7 h i8 m in hours 
and decimals of an hour. Then 6 is contained in 1 8 three times ; to this prefix the hours (7) 
and we have 7*3 hours.— (8ee Ex. 3, page 44.) 

2 . Take out of Nautical Almanac the declination for the nearest noon to the 
given Greenwich date, noting whether the declination is increasing or decreasing ; 
and a little to the right place the " difference for 1 hour," found in page I, N.A. 

('). When Greenwich date is given in apparent time, use page I of the month, but call 
them 1* when they amount to five, or above— thus 4i"'7 would be 43". 

(A). The tenths of seconds (") of declination may be rejected when less than live, but for 
man time, use page II of the month. 

[e). When the seconds of time (in Greenwich date) are less than 30% they may be rejected; 
bat if above 30 s , increase the minutes of time by i m ; thus Greenwich time a h 35° 40" would 
be called 2 h 36*. 

* This method of reducing the sun's declination is required to be used by the Board of 
Trade at the Local Marine Board Examinations. 

OO 
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3°. Multiply the " Hourly Biff. 19 by the hours and fractional parts of an hour 
that have elapsed since, or must elapse before that noon, as the ease may be; the 
product reduced to minutes and seconds is the change of declination in the time from 
noon. 

4°. Apply this correction to the declination for the nearest noon to the given 
time i.e., the declination of the same noon as that for which the " Var. in i hour" 
has been taken as follows : — 

(a) When the Bed. is increasing, the correction for the tuna elapsed sinoe 
noon is additive, but the correction for the time that must elapse it 
subtraetive. 



(b) When the Bed. in decreasing, the correction for the time elapsed since 
noon is subtraetive, but the correction for the time that must elapse befort 
noon is additive. 

The result is declination sought. 

Etavpltw. 

■ 

Ex. i. Greenwich Date, Jan. io d 6 h ; in this case take 22**08 the Diff. for 1 hoar on the 
10th, which multiplied by 6 gives the correction of the Decl. for the 10th day — to be sub- 
tracted because the Declination is decreasing and we have multiplied bythe number of hoon 
that have elapsed since noon. 

Ex. 2. Greenwich Date, Jan. io d ig h ; in this case take 2 3"* 14 the "Var. in 1 hour" on 
the nth, which multiplied by the difference between 24 11 and 19 11 gives the correction of 
the Decl. for the 1 ith day — to be added because the Decl. is decreasing and we have multipliad 
by the number of hours that must elapse before noon the nth day. 

Ex. 3. Greenwich Date, April 2 d 6J h ; in this case take 57**49, the "Var. in 1 hour" on 
the and, which multiplied by 6| h , gives the correction of the declination for the 2nd April 
— to be added because the Decl. is increasing and and we have multiplied by 6J hours the 
time that has elapsed since noon, April 2nd. 

Ex. 4. Greenwich Date, April 2 d 17^ ; in this oase take 5 7* -25, the "Var. in 1 hour 1 * 
on the 3rd ; which multiplied by 6£ (the difference between 24 11 and 17 J h ) gives the corree- 
tion of the Decl. for the 3rd day — to be subtracted because the Decl. is increasing and we have 
multiplied by the number of hours that must elapse before noon, 3rd. 

(5 ). If the correction when subtraetive exceeds the declination itself, 
substract the declination from the proportional part ; the remainder is the 
declination of the contrary name. 

In March when the declination changes from South to North, and in September when it 
changes from North to South, if the correction, by being subtraetive, exceed the declination, 
subtract the declination from the correction, and call the remainder If. in March, but & in 
September.— (See example 3.) 

Method II. — By proportional logarithms. 

EULE LXXXTTT. 

* 

i°. Find a Greenwich date. 

2 . Take out of the Nautical Almanac the declination for the now *4 Qf90 
with, and thai following it. 
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3°. When the declinations are of like names, take their difference; hut when of 
different names, take the sum : this is the daily variation of declination, 

(a) When the declination is increasing, place the sign of addition ( + ) before the 
daily variation; hit when the declination is decreasing, place the sign ^subtrac- 
tion ( — ) before it. 

4 . Under the daily variation place the hours and minutes of Greenwich time, 
and take from the table (Table XXI A, Eaper, or XXXIII, Norie,) log. of change 
if declination in 24 hours and log. of hours and minutes of Greenwich time; the 
mm of these logs, found in the table ioiU give the proportional part of daily change 
if destination. 

In vsing Table xxT A, Raper, or Norie XXXIII, minutes (') of declination, and hours 
•f time (*>), are found at the top of the columns ; seconds (") of declination, and minutes ( m ) 
at the side columns. 



5 . Apply the proportional part to the declination at the first noon, adding 
wien the declination is increasing ; but subtracting when the declination is 
decreasing ; the result is the declination at the time required. 



Examples. 

Ex. 1. 1876, January 13th, at 3 h 54™ 16 s p.m., app. time at ship, long. 30 4'E. : find the 
sun's declination. 



Ship date (A.T.) January 13 d 3 h 54 m i6 g 
Longitude (30° 4' E.) in time — 2 016 

Green- date (A.T.) January 13 d i h 54 m o« 



Longitude 30° 4' 

4 

54 m = n 

60)54*0 6,0)12,0 16 



or, i h# 9 



9 



2 h O m l6 B 



Method I. 

DecL, page I, N.A., for January 
13th, app. noon, is 21 32' 34' 8., 
itmaemg, and Hourly diff. is 



Method II. 

Decl. app. noon, page I, N.A. 
Jan. 13th, 2i°32' 33**6 8. 
14th, 21 22 15-2 S. 



H. diff., 13th, noon ' 
Green, time i h 54" = 


25"'2 4 

i h '9 X 1*9 

22716 
*5*4 


8., 
S. 


deer. 


Daily var. — 10 18 
Green, time i h 54 m 


tog- 3674 
log. 1*1015 




Correction — 49 
13th, at noon 21 32 34 S. 


log. 1*4689 


Correction 


— 47'95 6 

21 32' 24" 
- 48 

21 31 46 


Bed. decl. 21 31 45 S. ' 




Decl., noon, 13th, 
Ooneolion 

Balded. 


Tho correction 49" is subtracted from 
declination at noon, because the decli- 
nation is decreasing. 



Having found the Greenwich date, tho sun's declination is taken from the Nautical Almanac, where it is 
found in page I of the month (the Greenwich date being in app. time), and on the same page and in column 
beaded "Var. in x hour" is found the change of declination for 1 hour past noon ; next observe that the decli- 
nation is decreasing, and make a note of it. Now, since the declination changes 25"' 24 in 1 hour past noon, 
how much does it change in the Greenwich time past noon, viz., i*» 54™ ? First annex a cypher to the minutes 
(54") and divide by 60 ; thus 60 is contained in 540 nine times and nothing over. To this we. prefix the hour 
and we then, have the Greenwich time i h 54 m = i h, 9 expressed in hours and decimals of an hour. (Sec Rule 
XVIII, page 43). Set this under the hourly diff. and then proceed as in multiplication of decimals, the 
resulting figures are 47956, but as we have two decimals in the multiplicand au«i one place in the multiplier 
in all three places, three figures are to be marked offtrom the right hand, leaving 47 ' (s»v Ttule XV, page 37) 
b*a*4k» fire* figure to the right of the decimal point exceeds 5, we increase the seconds. by 1" whence tho 
correction oi decl. is — 48". 



1 
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Ex. a. 1876, May net, at 7 h 50™ a.m., mean time at ship, long. 149 30' E. : required the 
sun's declination. 

Ship date (M.T.) May 2 o d 19**50™ By Hourly Diff. 

Longitude 149 30' E. — 9 58 52" = 1^)520 

Green, date (M.T.) May 20 9 52 866 or '87 nearly, 

Decl., page II, N.A., May 20th, at noon, Decl. mean noon, page II, N.A. 

"Jf Sr 53 ' V^T''^ Hourl y **■ at May 20th, 20' 6' 52* N. 

noon, May 20th, 30*80. * ^ 2Q I9 * f N 

Hourly diff. + 30*- 80 

9 h 52 m = 9 h, 87 nearly X 9*87 Daily variation •{- 12 9 log. 2956 

Green, time 9 h 5* m log. 3860 

21560 — 

24640 Correction + S' °" l°g- 6816 

27720 DeoL 20th, noon 20 6 19 N. 



6,0)30,3-9960 Red. decl. 20 1 1 19 N. 

Correction +54* nearly. 

_. . __ ] The oorrootion 5' o" is added to the declination 

Decl. 20th, noon 20* 652* N., mor. at noon, because the declination is increasing. 



Corr. for 9 h $2 m = + 54 



(See next page for Explanation). 



Red. deoL 20 11 $6 N. 

Explanation. — Haying found the Greenwich date ; with this date the sun's declination must be taken out 
of the Nautical Al m a n ac, page II for May (the Greenwich- date being mean time), and in page I of the month, 
in the column headed " diff. for 1 honr " is found the change for one hour past noon ; next observe whether 
the declination is increasing or decreasing. In this instance it is increasing, and we note this. Now the next 
question that presents itself for consideration is, since the declination increases 3o"*8o in one hour, what will 
be the change in the Greenwich time past noon, viz., 9* 52™ ? We have now to express this in hours and 
decimal parts of an hour. Then 52™ = $$ of an hour, and annexing cyphers to 52 and dividing 60, we have 
60 in 520, or 6 in 52 goes eight times and four over ; 6 is contained in 40 (the remainder and a cypher annexed) 
six times and four over, or seven times nearly — two places of decimals only being used. Set the '87 under the 
hourly difference to which prefix the o>, and then proceed as in common multiplication. The resulting figure* 
•*• 3°399^°> but &b we have two decimal places in the multiplicand, and two decimal places in the multiplier, 
in all four, four figures are to be marked off from the right hand, leaving 303" ; but since the first decimal 
figure (9) exceeds 5 we increase the seconds by 1" in consequence, and the correction is 304", which divided by 
60 gives + 5' 4" the correction of declination. 

Ex. 3. 1876, March 29th, 22 h 39% app. time at Greenwich: required the sun's 
declination. 

March 19th 22 h 39 m 2i m = 5^)21*0 

24 o 



Time from noon, Mar. 20th 121 



35 



or, i h *35 

Decl. page I, N.A. 
March 20th, at noon o° 5' 53" N. (incr.) Hourly diff. 59"'M 

Correction for i h '$$ 1 20 1*35 

Red. deol. o 4 33 N. 29620 

17772 

59*4 



6,0)7,9*9740 

1' i 9 *-97 

In this case the Greenwich noon of the 20th is nearer to the given Greenwich time than Greenwich noon 
19th, therefore, take out the declination from page I, Nautical Almanac (because apparent time), for noon 
20th ; also, the variation in 1 hour corresponding to this declination, vis., 59" '24. Next subtract the hours, 
minutes, &c., of Greenwich time from 24 hours, the remainder i h ai» is the time that must elapse before noon 
aoth. We divide the minutes of this last by 60 to get decimals of an hour, thus, 6 is contained in 21 three 
times and three over ; a cypher being annexed to the remainder 3 makes 30, then 6 is contained in 30 five 
times, hence we have '65 (see Rule XVIII, page 43), to this we prefix the hours (1) and we then have i h M5. 
Next multiply the hourly difference by this, and the resulting figures are 799740, then since we have two 
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. figures in the multiplicand ("24). and two xp. the multiplier, ('35) in all four,/©tir figures must be marked 
off from the right hand, leaving 79, which being increased by 1 in consequence of the first figure on the right 
of the decimal point exceeding 5, gives for the correction 80", which divided by 60 gives 1' 20". And sinoe the 
deduction at noon, 20th, is increasing t it is evident that the declination at i h 21" be/are that noon will be 
1cm than at noon, and the correction 1' 20" is therefore to be subtracted ; whence the Beduoed Deolination is 
# 4 it ». (see No. 5 (a) of the Bule T.XXXTT). 

Ex. 4. 1876, February nth, at 8 h 54™ 47* p.m., app. time, long, n* 4' W. : find the 
declination. 

Ship date (A.T.) February 1 1<* 8 h 54 m 47> Longitude n° 4' 

Longitude in time + 44 16 4 

Green, date (A.T.) February 1 i d 9 39 3 44 m i6* 

9' 6 5 

Decl. page I, N.A. Hourly diff., page I, N.A. 

Feb. nth at noon 14 7' 5**8. (deer.) Feb. nth at noon 49**14 

Oorr. for 9* 39 m — 7 45 9 6 5 

Bed. decl. 13 59 58 S. 6,0)47,4*2010 

Correction 7*54 

269. To find the deolination of the sun at the time of its transit over a 
given meridian. 

When the snn is on a meridian in West longitude, the Greenwich apparent 
time is precisely equal to the longitude ; that is, the Greenwich apparent 
time is after the noon of the same date with the ship date by a number of 
hours, equal to the longitude in time. When the sun is on a meridian in 
East longitude, the Greenwich apparent time is before the noon of the same 
date as the ship date by a number of hours, equal to the longitude in time. 
Hence, to obtain the sun's declination for apparent noon at any meridian we 
have. 

BULE LXXXTV. 

Tak$ the declination from the Nautical Almanac (page I of the month) for 
Greenwich apparent noon of the same date as the ship date, and apply a correction 
tpud to the hourly difference multiplied by the longitude, observing to add or 
subtract this correction according as the numbers in the Nautical Al—ianac may 
indicate for a time before or after noon. 

Exavplks. 

Ex. 1. 1876, September 10th, the sun on the meridian, long. ioo° 35' E. : required the 
■rn'i declination. 

Longitude ioo°3<'E. ^ , . , . . 

* The longitude being 6*» 42* 20* East, the Green. 

* A.T. is 6* 1 42* before the noon of September 10th — 

the same date as the ship date. The decl. is taken 



6,0)40,2 20 out of the Nautical Almanac, page I of the month ; 

_____ _ also take out at the same time the hourly Aitr. ; the 

6* 42» 20-. work ^ 8tand ^ : "~ 

Sun's decl., page I, N. A. H.D., page I, N.A. 

Sept. 1 oth, noon 4°43' 8'N., deer. ** Sept. 10th noon 57*04 
Corr. for 6 h 42™ -|- 6 22 Time from noon 10th, 6 U 42™ =6-7 

Red. decl. 6 49 30 N. 6,0)38,2-168 

. — • the declination is decreasing, the deolination at 6* 4a* " ~ 

*M*wm*W be greater than that for noon, • Correction 6*22 



i 
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Ex. 2. 1876, June ist, long. 75 W. : Ex. 3. In the last question suppose the 

required the declination when the sun is on long. 75° £. 



the meridian. 

Ship date ( 

Long, in time + 5 ° 



Ship date (A.T.) June i d o* o» 

Ship date (A.T.) June i d o* o B Long, in time — 50 



Green, date (A.T.) June 1 5 < 

H. diff., noon, June 1st 19'' St 
Time from noon X 5 

6,0)9,905 

Correction +1 39 

Deol., June 1 it, noon 22 8 51 N., incr. 

Bed. decl. 22 10 30 N. 



Green, date (A.T.) May 31 19 o 



H. diff., June 1st, noon 19**85 
Time from noon, June ist 5 

*»°)9>9*3J 

— 1 39 
Decl. June ist, noon 22 8 51 N. incr. 

Bad. decL 22 7 12 N. 



270. Interpolation by second differences. — The differences between the 
successive values given in the Nautical Almanac as functions of time, are 
called ike first difference* ; the differences between these successive differences 
are called the second difference* ; the differences of the second differences are 
called the third difference*, &c. In simple interpolation we assume the function 
to vary uniformly; that is, we regard the first difference as constant, 
neglecting the second difference, which is, consequently, assumed to be zero. 
In interpolation by second differences we take into account the variation in 
the first difference, but we assume it* variations to be constant ; that is, we 
assume the second difference to be constant, and the third difference to be 
constant. 

When the Nautical Almanac is employed we oan take the second differences 
into account in a very simple manner. In this work, since the year 1 863, the 
difference given for a unit of time is always the difference belonging to the 
instant of Greenwich time against which it stands, and it expresses, therefore, 
the rate at which the function is changing at that instant. This difference, 
which we may here call the first difference, varies with the Greenwich time, 
and (the second difference being constant) it varies uniformly, so that its 
value for any intermediate time may be found by simple interpolation, using 
the second differences as first differences. Now, in computing a correction 
for a given interval of Greenwich time, we should employ the mean, or average 
value, of the first difference for the interval, and this mean value, when we 
regard the second differences as constant, is that which belongs to the middle 
of the interval. Hence, to take into account the second differences, we have 
only to observe the very simple rule — employ that f interpolated J value of the first 
difference which corresponds to the middle of the interval for which the correction is 
to be computed. 

ill. Degree of dependence. — The sun's declination changes nearly 1' an 
hour, or 1" in i m , in March and September ; hence to insure it to 1" in the 
extreme case, the Greenwich date inu > 1 >•• tiro 1 f .) i m . 
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EXAMPLE8 FOB PkAOTIOE. 

Required the sun's declination in each of the following examples : — 







[Those are preparatory to working Amplitudes, Azimuths, 


&c] 




I. 


l8 7 6, 


January 5th, 


6 h 23 m 3i B Alf # 


app. time at ship 


long. 


108 7'W. 


3. 


»i 


February 2nd, 


390 P.M. 


app. time at ship 


long. 


5* 45 W. 


3- 


n 


March 31st, 


6 2 12 P.M. 


app. time at ship 


long. 


156 3 E. 


4- 


n 


March 26th, 


7 8 22 A.M. 


mean time at ship 


long. 


72 47 E. 


5- 


>» 


May 1 6th, 


9 17 20 A.M. 


mean time at ship 


long. 


45 4o W. 


6. 


w 


April 29th, 


2 26 52 P.M. 


mean time at ship 


long. 


no 57 W. 


7- 


n 


June roth, 


8 45 <5 p.m. * 


app. time at ship 


long. 


129 30 E. 


8. 


>i 


November ist, 


IO 20 l6 A.M. 


mean time at ship 


long. 


n 17 E, 


9- 


n 


September ist, 


8 20 40 A.M. 


app. time at ship 


long. 


172 9 E. 


10. 


i> 


October ist, 


6 II 50 A.M. 


mean time at ship 


long. 


68 15 W. 


ii. 


i> 


December 16th, 


4 35 32 a,m. 


app. time at ship 


long. 


4 8 E. 


12. 


» 


November 14th, 


6 45 8 p.m. 


mean time at ship 


long. 


100 2 E* 



In each of the following examples it is required to find the son's declination 
when the sun is on the meridian (at apparent noon) : — 



13- 
14. 

16. 

"7- 
18. 



1876, Jan. 19th, long. 86°57'W. 

„ Feb. 16th, long. 72 59 E. 

Mar. 2 ist, long. 168 3 E. 

May 8th, long. 10 35 "W. 

June 2 ist, long. 167 15 E. 

Mar. 20th, long. 129 o W. 



>» 



n 



19 



f» 



I 9 . 

20. 
21. 
22. 

*3- 
24. 



1876, July 28th, long. 2 o'W. 
„ Sept. 22nd, long. 156 o W. 
„ Oct. ist, 
„ Dec. 22nd, 

1877, Jan. ist, 
1876, Sept. 23rd, 



long. 170 58 E. 
long. 179 52 E. 
long. 156 48 E. 
long. 174 15 E. 



272. The Polar Distance of a heavenly body is its angular distance from 
the elevated pole of the heavens ; it is measured by the intercepted arc of the 
hour circle passing through it, or by the corresponding angle at the centre of 
the sphere. According as the North or South pole is elevated, we have the 
Nerih Polar Distance, or the South Polar Distance. 



273. To find the polar distance of a celestial object, proceed according 
fcWflbHowiiig rule :— 



Jmm 



VYA.F, I.STgff 



__ the latitude oftkepfarr, u .*d «!(v»l •>•.•:• •:: .r *] if . ,,.$/,., i % arri „f ;j„. KflTr|t , 
name subtract the declination from 90 ; but when the latitude and declination 
are of contrary names, add the declination to 90 ; the result in either case is 
the polar distance. 

*t' •• vthrr ***** to or tnlr** from ^o*. is th* polar 



•^EFT". ~ — •*• ■».--■- 

8° 12' 18" 8 98*1218" 

22 30 O N 67 30 O 

2 3 1 1 S 8 $7 28 45 

30 23 15 8. 120 23 15 

7 22 32 N 97 22 33 

26* 42 12 8. 63 17 48 

ii 4* * N ( I02 48 I 

* X or 77 11 58 



Lat. 

N 

K 

8 

N 

8. 

8 

o 
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TO FIND THE. EQUATION OF TIME. 

274. Apparent Solar Day is the interval between two successive transits 
of the actual sun's centre over the same meridian ; it begins when that point is on 
the meridian. The apparent solar day is variable in length from two causes ; 
first, the sun does not move uniformly in the ecliptic — its apparent path some- 
times describing an arc of 57', and at other times an arc of 6 v in a day; 
second, the ecliptic twice crosses the equinoctial — the great circle whose 
plane is perpendicular to the axis of rotation — and hence is inclined to it in 
its different parts ; at the points of intersection the inclination is about 23 27', 
at two other limiting points they are parallel. A uniform measure of time 
is obtained by the invention of the Mean Solar Day. 

275. Mean Solar Day is the interval between two successive transits of the 
mean sun over the same meridian ; it begins when the mean sun is on the 
meridian. This fictitious body is conceived to move in the equinoctial with 
the mean motion of the actual sun in the ecliptic. The length of the mean 
solar day is the average length of the apparent solar days for the space of a 
solar year. 

276. Equation of Time is the difference between apparent and mean time. 
It is measured by the angle at the pole of the heavens between two circles 
passing, the one through the apparent sun's centre, the other through the 
mean sun. The Equation of Time is so called because it enables us to reduce 
apparent to mean, or mean to apparent time. In consequence of the motion 
of the sun in the ecliptic being variable, and the ecliptic not being perpen- 
dicular to the axis of the earth's rotation, apparent time is variable, and this 
fluctuation is considerable, amounting to upwards of half an hour — apparent 
noon sometimes taking place as much as 1 6 m before mean noon, and at others 
as much as 1 4£ m after. These are the greatest values of the equation of time ; 
it vanishes altogether four times a year — this occurring about April 15th, 
June 1 5th, September 1st, and December 24th. It is calculated and inserted 
in the Nautili A}™™ no for evp*y day in the year. On page I of ei 
ir»T'tc *V t Aquation of timu given is that to be used in deducing mean froi 

.,,.»A7*t trrr^t ***** ti •*"?** TT 's to H* upaH in do^uoiug apparent from mean] 
tim*. TUe «i tl ,1 orn-n in the valu of the two arises from the one being that ail 
apparent noon, and the other that at mean noon. As these may be separated 
by an interval of more than a quarter of an hour, the equation of time given 
in pages I and II may differ by a quarter of the " Var. iu 1 hour " given in 
the adjoining column. The equation of time i* itaelf a portion of mean tin^, 

2-77. To re- •€ equation of time to Greenwich date. — The method 

r</. ■... *,' - !.* ■— *v!Twwr-i.u diiirf-itrrthtf hrr:? ^ch ^tois similar te 
ci-^tKL ' £ iv» .-" '- V':.: .«••■"«,. ii r i-' *'■ •> "Y^ri'iii'in in 1 hour" may be used 
for the purpose. 

EULE LXXXVI. 

i°. Get a Greenwich date, as before. 

Note. — The time by chronometer when error and rate are applied to it, gives Mean Time 
at Greenwich. 
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2 . Take out of Nautical Almanac (page II of the month) the equation of 
time for the noon of Greenwich date, and mark it additive or sub tractive, accord- 
ing to the heading of equation of time at the top of the column in page I of the 
month; oho take from the column in page I, the "Far. in 1 hour. 11 * 

Nora.— It sometimes happens that the precept for applying the Eq, of Time changes in 
the course of the month. Thus in April 1876, a black line is placed between the Eq. T. for 
the 14th and that for the 15th, indicating that a change of precept occurs between those 
days. The Equations above the line has to be added, those below have to be subtracted. 

3 . Multiply the "Far. in 1 hour 11 by the hours, and when great precision is 
necessary, by the fractional parts of an hour also. The result is the correction to be 
applied to the equation of time taken from the Nautical Almanac, and is to be 
added when equation of time is increasing but subtracted when equation of time is 
decreasing ; the result is the Equation of time sought. 

Nora.— When correcting backwards from the following noon, the rule will be Equation 
mcrtasmg, subtract, and decreasing, add. 

(a) When the correction, being subtractive, exceeds the equation of time itself 
subtract the equation of time from the correction ; the remainder is the reduced 
equation of time sought — and it is to be subtracted from apparent time when equa- 
tion of time at noon is directed to be added, but added to apparent time when 
equation of time at noon is directed to be subtracted ; i.e. the Equation has to be 
applied to A.T. according to the precept for the day following the given day. 



Ex. 1. 1876, January 29th, 6 h 53™ 49 s mean time at Greenwich ; find Equation of time 
to be applied to apparent time (in working the chronometer.) 

Eq. of Time, page II, N.A. Hourly Diff. page I, N.A. 

Jan. 20th, add i3 m 2o**i iner. Jan. 29th, at noon 0**447 
Corr. tat 6 h *9 + 3" 1 6 h 54 111 is 6 h *9 6-9 

Bed. Eq. Time 13 23*2 4023 

(To be added to app. time.) a68a 

Correction ' 3*0843 
or, 3»*i 

In working this example the " Diff. for x hour " is taken from the Nautical Almanac from the column in 
page I of the month, and against the given day. The Greenwich date being mean time, take the equation o 
time from page n of the month, and mark it additive to app. time as directed at the top of the column in 
page I ; also note that the equation is increasing. The Green, time being 6 h 54" or 6^9 ; hourly difference 
is multiplied by 6*9 giving the product 30843 ; and since there are three decimals figures in H. D. ('447) and 
one in Green, time (-9) in all four, four decimal places are marked off from the right hand of the product, the 
result 3*-o843 or 3*1 is the correction to be applied to the Eq. of time at noon, and is to be added to it be- 
cause it is that due to a time elapsed since noon while the Eq. T. is increasing. 



• As the equation of time is not a uniformly varying quantity, it is not quite accurate to 
compute its correction as above, by multiplying the given hourly difference by the number 
of hours in the Greenwich time ; for that process assumes that this hourly difference in the 
same for each hour. The variations ii the hourly difference are, however, so small that it 
is only when extreme precision is required that recourse must be had to the more exact 
method of interpolation for second differences. 



UH 
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Reduction of Element* from Nautical Almanac. 



Ex. 2. 1876, September 30th, io h 15m mean time at Greenwich: find the Equation of 
time to be applied to app. time in working the chronometer. 



Eq. of Time, page II, N.A. 

Sept. 30th, noon, subt. io m n ,, 5 iner. 
Corr. for ioJ h -|- 8*3 

Red. Eq. T. 10 19-8 

(To be subtracted from A.T.) 



Diff. for i h , page I, N.A. 

Sept. 30th, at noon, 0^805 

joJ 



Diff. for 10 hours 
Diff. for J hour 

Correction 



8050 
201 



or, 8-3 

Ex. 3. 1876, December 23rd, 22 h 56% mean time at Greenwich: find equation of time 
to be applied to apparent time. 



Green, date, Dec 23rd, 
Subtract from 



22 h 56 m 

24 o 



Time from noon, Deo. 24th, 1 4 



Eq. of time, page II, N.A. 
Deo. 24th, subt. o 6 s -68 iner. 

Corr. for i h — 1*25 



Hourly diff. i"246 

Time from noon i h 

Correction 1*246 



Eed. eq. of time o 5-43 

(To be subtracted from A.T.) 

In this example the equation of time is taken for the nearest noon to Greenwich date, via., Deo. 24th. To 
obtain the correction we go back 1 hour, and since the equation of time is increasing at noon, Dec. 24th, it 
less at one hour earlier t therefore the correction is subtr active. 



Ex. 4. 1876, August 31st, 5 h 42" 15% mean time at Greenwich : find equation of time to 
be applied to apparent time. 



Eq. of time, page II, NJL 
Aug. 31st, at noon, add o™ i'^i deer. 

Corr. for 5 h 42"* — 4*45 

Bed. eq. of time, subt. o 3*04 

(To be subtracted from A.T.) 



Hourly diff., page I, N.A. 
Aug. 31st, noon, 0*78,0 
5*42" = si 



Correction 



546 
39° 

4.446 
or, 4*45 



In this case the correction is subt r active f and exoeeds in amount the equation of time at noon, therefore the 
equation of time is taken from the correction, and the remainder is the reduced equation of time to be 
subtracted from A.T., according to the precept for the day following the given day — a change of precept 
occuring between Aug. 31st and Aug. 32nd (Sept. 1st.) — which change is shown by means of a black lint 
drawn between the Equations for the two named days. 

Ex. 5. 1876, June 13th, 22* 25" 21* mean time at Greenwich; find equation of time to 
be applied to apparent time, in working the chronometer. 



Greenwich date, Jane 13th, 22 h 25™ 



or. 



22 h, 4 



Hourly Diff. page I, N.A. 

June 13th, noon, 0*520 

22*4 



Eq. T. page II, NA. 

June 13th, noon, subU o m io t *57 deer. 
Correction for 22 b *4 — 11*65 



Eed. Eq. T. (add) 



1-08 



(To be added to A.T.) 





2080 
1040 
1040 


Correction 
or, 


1 1 '6480 
u*6$ 



Correction of the Observed AUitude. 23$ 



In tilts ease also, the correction is subtractive, and exceeds the Equation itself, therefore, the equation is 
nbtmeted from the correction and a change of precept is made i.e., the equation of time at noon being sub' 
tnetki, after it has been subtracted from the correction ; to tile remainder prefix the precept add to A.T. 

By using the Eq. T. of time corresponding to the nearest Greenwich noon, viz., that for June 14th the work 
till stand thus : 

Green, date, June 13th, 22 h 25 m Hourly Diff. page I, N.A. 

Subtract from 24 June , 4th? at n00I1| ^ $26 



Time from noon, June 14th 1*35 



Time from noon 14th v6 

3*S 6 



or, i»"6 nly. £<? 

Eq. T. page II, N.A. 

June 14th, at noon, add o™i- 99 iner. Correction -8416 

Correction for i h# 6 — 0*84 



or, o»*84 



Bed.Eq. T. add o 115 



(To be added to A.T.) 

The Eq. Time would be less at i h *6 be/ore noon than what it is at noon, the correction is therefore subtracted 
from the noon Eq. of Time. 

Examples fob Pkaotioe. 

In each of the following examples it is required to find the equation of 
time corresponding to the given Greenwich date : — 



1. 1876, Jan. 5th, at 4 h 33 m o t M.T. n 

2. „ Feb. 1 8th, at 8 20 o M.T. 12 

3. „ Mar. 24th, at 3 4 8 M.T. 13 

4. „ April 14th, at 16 8 10 M.T. • 14 

5. „ May 19th, at 6 56 o M.T. 15 

6. „ June 13th, at 22 49 50 M.T. 16 

7. „ July 1 6th, at 1 14 o A.T. 17 

8. „ Aug. 31st, at 21 14 40 A.T. 18 

9. „ Sept 1 8th at o 53 10 M.T. 19 
10. „ Oct. 5th, at 19 19 2 A.T. 20 



1876, June 13th, at 22 h 52 m o»,'M.T. 

„ Aug. 31st, at 15 54 o A.T. 

„ May 14th, at 9 36 o A.T. 

„ April 13th, at 21 36 53 ;M.T. 

„ Nov. 14th, at 21 35 o A.T. 

„ July 20th, at 20 57 16 M.T. 

„ Dec. 23rd, at 18 2 54 M.T. 

„ Oct. 26th, at 7 56 21 M.T. 

„ Dec. 24th, at 1 30 o A.T. 

„ Aug. 31st, at 1 48 o M.T. 



CORRECTION OF THE OBSERVED ALTITUDE. 



278. The Altitude of a celestial body is the angular distance of the body 
60m the horizon. It is measured by the arc of a circle of Azimuth (which 
is hence generally called a circle of altitude) passing through the plane of 
the body, or by the corresponding angle at the centre of the sphere. 

279. The corrections necessary to reduce an altitude observed from the 
sea-horizon with a quadrant or sextant, &c, to the true altitude, consist of 
the index correction, the dip, the correction of altitude, or the joint effect of 
refraction and parallax, and, in certain cases, of the semi-diameter. 

The altitudes of heavenly bodies ore observed from the deck of a ship at sea, with the 
sextant, for the purpose of finding latitude, longitude, &o. Such an altitude is called the 
"observed altitude" There are certain instrumental and circumstantial sources of error by 
which this is affected: — (a) The sextant (supposed otherwise to be in adjustment) may have 
an index error : (b) The eye of the observer being olovatcd above the surface of the sea, the 
borison will appear to be depressed, and the consequent altitude in reality too great : and 
(«} One of the limbs of the body may be observed instead of its centre. When the correction 



236 



Correction of the Observed Altitude. 



for these errors and method of observing are applied — " the index correction," " correction " 
for dip, and " semi-diameter/' — the observed is reduced to the apparent altitude. Bat, again, 
for the sake of comparison and computation, all observations must be transformed into what 
they would have been, had the bodies been viewed through a uniform medium, and from one 
common centre — the centre of the earth. The altitude supposed to be so taken is called the 
" true altitude ; " it may be deduced from the apparent altitude by applying the corrections 
called " corrections for refraction " (Table V, Norie, or XXXI, Raper), and " correction for 
parallax" (Table VI, Norie, or XXXIV, Raper), which, however, are sometimes given in 
tables combined under the names " correction of altitude" (Table XVIII, Norie). (ct) 
" Correction for refraction ; " when a body is viewed through the atmosphere, refraction will 
cause the apparent to be greater than the true altitude ; hence the correction for refraction 
is subtractive in finding the true from the apparent altitude. (J>) " Correction for parallax;" 
the position of the observer on the surface, especially for near bodies, will cause the apparent 
to be less than the true altitude ; hence the correction for parallax is additive in finding the 
true from the apparent altitude. 



TO CORRECT THE SUN'S ALTITUDE. 



RULE LXXXVH. 

i°. Correct the observed altitude of the tun for index error > if any. 

2 . Subtract the dip answering to height of eye (Table V, Norie, and Table 
TTXX } Raper) ; the remainder is the apparent altitude of the limb observed. 

3 . Subtract the refraction (Table IV, Norie, and XXXI Raper), add the 
parallax (Table VI, Norie, XXXIV, Raper); or take out the "correction in 
altitude of sun 9 * (Table XVIII, Norie), and subtract it; the remainder is the 
true altitude of the observed limb. 

4 . Take from page U of the month in the Nautical Almanac the sun's semi- 
diameter, adding it when the sun 9 s lower limb (l.l.) is observed; the result thus 
obtained is the true altitude of the sun's centre. 

Table 9, Norie, and Table 38, Raper, contain the gross correction of altitude, or the 
corrections for dip, refraction, sun's semi-diameter, and parallax — exclusive of index error, 
which are son etimes used in solving questions in nan' leal astronomy when great precision 
is not necessary. 

Eyampt.kb. 

Ex. 1. 1876, January 6th, the observed altitude sun's l.l. 39 8' 30", index correction 
-\- 33*, height of eye 19 feet : required the true altitude. 



Baper. 



Obs. alt. sun's l.l. 
Index correction 



Dip (Table 30.) 

App. alt sun's l.l. 
Bef. (Table 31.) \ 
—Par. (Table 34.) ] 

True alt. sun's l.l. 
Semi-diameter 



% 


» 3° 
33 


39 


9 3 
4 15 


39 


448 
1 5 


? 


3 43 
16 18 



Norie. 



True altitude 39 20 r 



Obs. alt. sun's l.l. 
Index correction 


39* 


8' 30* 
33 


Dip (Table 5.) 


39 


9 3 
4 " 


App. alt. sun's l.l. 

Oorr. alt. (Table 18.) 

1 


39 


4 5* 
1 3 


True alt. sun's l.l. 
Semi-diameter 


39 

+ 


3 49 
16 18 


True altitude 


39 


ao 7 



Correction of the Ooeerved Attitude. 
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Ex. 2. 1876, June 18th, the observed altitude sun's l.l. 71° 19' 20", index correction 
+ 3' 4£*» height of eye 18 feet : required the true altitude. 



Obi. alt. sun's l.l. 
Index correction 



Dip (Table 30.) 



Ref. — o' 20* \ 
P«.+ 3 J 



Scmid., p. II, N.A. 
True altitude 



71 19' 20* 
+ 3 46 

71 23 6 
— 4 10 

71 18 i^ 
— 17 

71 18 39 
+ '5 46 



Obs. alt. sun's l.l. 
Index correction 



Dip (Table 5) 

Corr. of alt. (Table 18) 

Semi-diameter 
True altitude 



71 19' 20" 
+ 3 46 



71 


23 

4 


6 

4 


71 


l 9 


2 
17 


71 

+ 


18 
15 


45 
46 



7i 34 3 1 



7i 34 *5 

Ex. 3. 1876, October 8th, the observed altitude sun's l.l. 19 50' 10*, index correction 
+ 50% height of eye 16 feet. 



Obs. alt. sun's l.l. 
Index correction 



i9°5o' 10* 
50 



? 



Dip 



Bef. — 2' 41* 
Pa*.+ 8 



» 



Semi-diameter 
True altitude 



19 51 

— 4 






19 47 

— 2 



33 


19 44 27 
+ 16 3 



20 o 30 



Obs. alt. sun's l.l. 
Index correction 



Dip 

Correction of altitude 

Semi-diameter 
True altitude 



i9°5o' 

+ 


10* 
50 


19 51 
— 3 50 


19 47 

— 2 


10 
a 9 


19 44 41 
+ 16 3 



20 o 44 



Ex. 4. 1876, August 8th, observed altitude sun's u.l. 12° 52' 30", index correction + 
3' 10*, height of eye 17 feet. 



Obe. alt. sun's u.l. 
Index correction 



12° 52' 30" 



Dip 17 feet 



But — 4' ii" 
Par. -f 8 



} 



+ 


3 


10 


12 


55 4» 
4 5 


12 


5i 


35 


^— 


4 


3 



1. 


I ¥7 


2. 


n 


3- 


n 


4- 


t» 


5- 
6. 


11 
n 


7- 
S. 




9- 


?* 


10. 


99 


11. 




19* 


»• 



Semi-diameter 
True altitude 



1876, Jan. 29th, 
Feb. 18th, 
Mar. 24th, 
April 20th 
May 8th, 
June 19th, 
July 1 6th, 
Aug. 7th, 
Sept. 2nd, 
Oct nth, 
Hov. 15th, 
Deo. 14th, 



12 47 32 
— IS 49 



Obs. alt sun's u.l. 
Index correction 



Dip 

Correction altitude 

Semi-diameter 
True altitude 



12 52 30 
+ 3 10 



12 


55 40 
3 57 


12 


5* 43 
3 5^ 


12 


47 47 
'5 49 



« 3 1 5 8 



12 31 43 
EXAMPLTM FOR PRACTICE. 



Obs. alt. sun's l.l. 17° 44' 30* Index corr. — 1' 25' Eye 16 feet. 

48 4 10 » +0 55 .. « 

+ 1 3 



» 
>» 
»* 

II 
II 
*9 
» 

n 
1* 
»i 
i» 



»9 50 30 
76 3 o 
58 38 20 

24 4 8 3° 
65 1 o 

85 13 20 

u.l. 28 16 20 

U.L. 67 44 O 
¥ «L. 14 3 40 
U.L. II 10 5 



>i 
11 
i> 
11 
11 
11 
11 
11 
i> 
ft 
if 



— I 27 

— I IO 

— I 14 
+ 17 

2 IO 

-4 8 

-138 

+ 4 « 
— o 49 



11 

w 
II 
II 
II 
It 
II 
II 
II 

» 

» 



'7 
IO 

18 

20 

14 
18 

IO 

»5 

la 

12 



» 
i» 
11 

i» 

99 
II 
II 



TO FIND THE LATITUDE BY A MERIDIAN 

ALTITUDE OF THE SUN. 



EULE LXXXVIII. 

i°. With the ship's date and longitude in time, find the Greenwich date jx 
apparent time (Rule LXXXI, 5 , page 222). 

2 . Take the sun's declination from Nautical Almanac (page I of the month), 
and correct it for the Greenwich date (Rule LXXXTTT, page 225). 

TTTjfrmjj of proceeding according to r and a° the declination may be found thus : — (1) lafet- 
the son's declination from the Nautical Almanac, for apparent noon, page I ; and also thft 
corresponding hourly difference. (2) Multiply the hourly diff. by long, in time, eiipn—al 
in hours and decimals of an hour. (3) When the declination is increasing the correotian I* 
to be added in West, but subtracted in East longitude ; but when the declination is dccreammg 
subtract in West but add in Bast longitude. See Rule LXXXTV, page 229. 

3 . Correct the observed altitude for index error , dip, semi-diameter, and refrac- 
tion and parallax, and thus get the true altitude (Rule LXXXVJI, page 256); 
subtract true altitude from 90 : the result will be the true zenith distance.* 

4 . Call the zenith distance N., when the observer is North of sun, or when tks) 
sun bears South; call zenith distance S., when the observer is South of sun, ortcim 
it bears North. 

5 . Add together the declination and zenith distance, when they have fke 
same name (see examples 1 and 3); but take the difference if their names ha 
unlike (see examples 2, 5, and 6) ; the latitude is N. or S., as the greater is. 

6°. When the declination is o°, the zenith distance is the latitude, and of the sam* 
name as the zenith distance (see example 7) ; and when the zenith distance is •_•% 
the declination is the latitude, which is of the same name as the declination ( 
example 4). 



Ex. 1. 1876, January 15th, in longitude 72 s 42' W., the observed meridian altitnd.* 
the sun's l.l. (lower limb) was 59 42' 10% bearing North ; index* error -\~ 2' 10*, heigfct 
eye 14 feet : required the latitude. a 

The observation was made when the sun was on the meridian, that is, at apparent n.«B 
the date therefore at the place of observation is January 15th, o h o m o*. But the mexi 
•f the place of observation is 72° 42' W. of meridian of Greenwich, and therefore, the sv 
7 2 42' W. of meridian of Greenwich ; or, in time 4 h 50™ 48", since 72 42' is equivale 
4 h 50™ 48* (see below). It is, therefore, 4 h $o m 48" past apparent noon at Greenwich, 
the Greenwich date is found by adding 4 h 50™ 48* to the time of apparent noon at 
January 15th, thus :— 

Ship date, January i$ d o h o m o« 7»°4»' 

Longitude 72 42' W. + 4 50 48 4 



*•» 



Greenwich date Jan. 15 4 50 48 



4 h 50 m 4 gi 



With this date the sun's declination must be taken out of Nautical Almanac, where it will 
be found in page I for January. It may be reduced to Greenwich date by means of tha 
Tables, or by u hourly diC," thus :— 

— *-- -- -- . m ,n 

♦ When true altitude exceeds yo', subtract 90° from it, 



Latitude by Sun's Meridian Altitude. 
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5. 1876, July 13th, longitude 50 o' E., observed meridian altitude Bun's l.l. 68* 2' o/, 
bearing north ; index correction, — 25", height of eye 17 feet. 



Long, in time 



or, 



Hourly diff., 13th, noon 
Time from noon 3* 20™ 



^h 20 m O" 

3i h 



2 2** 32 



20» I J* 1 6696 

I I 744 
6,0)7,4-40 



Correction 
Dec!, noon, 13th 

Bed. decl. 



+ « 14 
21 45 42 N. 

21 46 $6 N. 



By Baper: index corr., — 25"; dip, 
— 4' 5*; corr. alt., — 21"; seraid., 4- 
15' 46"; true alt., 68° 12' 55*; latitude 
of o" 9* 8. 



None. 



Obs. alt. sun's l,l. 
Index correction 



Dip (Table 5) 



Semi-diameter (N.A.) 
True alt 



Zenith distance 
Declination 



Latitude 



68° a' o'N. 
— *5 



68 1 35 

— 3 57 



Corr. alt. (Table 18) — 



^7 57 3* 
20 



67 57 18 
+ '5 46 

68 13 4 
90 o o 

21 46 56 8. 
21 46 56 N. 



The ship on the Equator. 



When the zenith distance and declination are numerically equal, and of contrary names, the ship is on tfap 
Equator. 



T5ec 



lination 



.1 A^ l—j^..*.. 

21 9 20 S. 



n 



*- --■ 



*JL»%*»"Ji«« ^lA. Aayi o atUt|fl T T 



__ The meridian senith distance and declination are 

, ., , _ 1 added, because they are of the same name. (This is 

Latitude 51 1252 8. according to No. 5 of the Rule). 

. 2. 1876, February 3rd, in longitude 139 42' W., the observed meridian altitude of 
the sun's l.l. 56 56' 56*, bearing South ; index correction — 3' 4* ; height of eye 14 feet. 



Ship date, February 3 d o h o° o« 
Long. 139*42' W. + 9 18 48 

Greenwich date, Feb. 3 9 18 48 

Decl. page I, N.A., Feb. 3rd = 16 37' f 
&, dear. Hourly diff. 43**95. 

Hourly diff. Feb. 3rd noon 43*^95 



T. from noon, 9 h i8 m 



Corr. 
Decl. noon, Feb. 3rd 

Red. decl. 



+ 9*3 

I 3 1 «5 
39555 

6,0)40,8-735 

— 6 49 

16 37 7 S. 

16 30 18 S. 



By Baper : index corr. — 3' 4* ; dip — 
3*40*; refr. — o' 38*; par. + 4'; semid. + 
i6 T 1 6" ; true alt, 57 5' 54" ; latitude 
jtf 33' ia" N, 



Norio. 

Obe. alt. sun's l.l. 
Index correction 

Dip](Table 5, Norie) 

App. alt. sun's l.l. 
Corr. Alt. (Table 18) 

True alt. sun's l.l. 
Semi-diameter 

True altitude 



Zenith distance 
Declination 

Latitude 



56° 56' 56*8. 
— 34 



5^ 53 5* 

— 3 3^ 

56 50 16 

— o 32 

56 49 44 
+ 16 16 



57 
90 



6 o 
o o 



32 54 o N. 
16 30 18 8. 



16 23 42 N. 



The difference of senith distance and declination 
is token because they are of contrary names. Bee 
No. 5 of Bule. 



TO FIND THE LATITUDE BY A MERIDIAN 

ALTITUDE OF THE SUN. 



RULE LXXXVHI. 

i°. With the ship'* date and longitude in time, find the Greenwich date 
apparent time (Rule LXXXT, 5 , page 222). 

2 . Take the sun's declination from Nautical Almanac (page I of the monl 

and correct it for the Greenwich date (Rule LXXXTTI, page 225). 

Instead of proceeding according to 1 " and a° the declination may be found thus : — (1 ) 
the son's declination from the Nautical Almanac, for apparent noon, page I ; and also I 
corresponding hourly difference. (2) Multiply the hourly diff. by long, in time, 
in hours and decimals of an hour. (3) When the declination is increasing the oorreotiq&l 
to be added in West, but subtracted in East longitude ; but when the declination is 
subtract in West but add in East longitude. See Rule LXXXTV, page 229. 

3 . Correct the observed altitude for index error , dip, semi-diameter, and 
tion and parallax, and thus get the true altitude (Rule LX XXVII, page 236] 
subtract true altitude from 90 : the result wiU be the true zenith distance.* 

4 . Call the %enith distance N., when the observer is North of sun, or when 
sun bears South; call zenith distance S., when the observer is South of sun, or< 
it bears North. 

5 . Add together the declination and zenith distance, when they have 
same name (see examples 1 and 3) ; but take the difference if their names 
unlike, fgftft ftxamnlftfl 2. g *•*»«* M ' the latitude is N. or S., as the greater is. 



Ex. 4. 1876, April 1 6th, longitude 139 50* E., observed meridian altitude sun's l.l. 
89° 46' 10", bearing North ; index correction + i' 56* ; height of eye 18 feet. 



Long, in time (139 50' E.) = 9 h i9 m 20% 
or 9 h *3. 



Decl. page I, N.A. 



52'- 9 i 



Hourly diff., noon, 16th 

Green, time 9* 19* = X 9*3 

15873 
47619 



6,0)49,2-063 
Correction — 8 12 



Decl. noon, 16th io° 20' 52*N. incr. 
Correction — 8 12 



Red. decl. 



10 12 40 N. 



By Raper : index corr. + 1' 56" ; dip — 
4' 10* ; ref., &c., o' ; semid. + '5 58*. True 
alt. 89° 59' 54S latitude io° 12' 34' N. 



Obs. alt. sun's l.l. 
Index correction 



Dip (None) 
Corr. alt. 
Semi-diameter 



Zenith distance 
Declination 

Latitude 



89° 46" 

+ 1 


io'N 

56 


89 48 

~ 4 


6 

4 


89 44 


2 



89 44 2 
+ 15 58 


90 
90 







10 12 



40 N. 


10 12 


40 N. 



Latitude by Sun'* Meridian Altitude. 
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5. 1876, July 1 3th, longitude 50 o' E., observed meridian altitude sun's l.l. 68* 2' o/, 
bearing north ; index correction, — 25", height of eye 17 feet. 



Long, in time 



or, 



Hourly diff., 13th, noon 
Time from noon 3 h 20°° 



^h 3 o m O B 

22**32 
3 



Correction 
Bed. noon, 1 3th 

Bed-decL 



20- I p I 6696 

I I 744 

M7»4'40 

+ » H 
21 45 42 N. 

21 46 56 N. 



By Baper: index corr., — 25"; dip, 
— 4' 5*; corr. alt., — 21"; seraid., ■+- 
15* 46'; true alt., 68° 12' 55*; latitude 
o* o* 9* 8. 



None. 

Obs. alt. sun's l.l. 
Index correction 



Dip (Table 5) 

Corr. alt. (Table 18) 

Semi-diameter (N.A.) 
True alt. 



Zenith distance 
Declination 

Latitude 



68* 2' o*N. 
— *5 



68 1 35 

— 3 57 

67 57 3«. 

— 20 

67 57 18 
+ 15 46 

68 13 4 
90 o o 

21 46 56 8. 
21 46 56 K. 

000 



The ship on the Equator. 



When the zenith distance and declination ore numerically equal, and of contrary names, the ship is on the 
Equator. 



Ex. 6. 1876, December 17th, longitude 175 45 / W., observed meridian altitude sun's u. 
89 54' 20* bearing north, index correction -4- 4' 4"> height of eye 24 feet. 



Green, date (A.T.) Deo. 17th, 11*43* 

or, n h, 7 

Decl. page I, N.A. Deo., 17th, 23* 23*46' 
S., increasing. 



H. diff. Dec. 17th, noon * 
Time from noon 



Correction 



4*-66 
ii'7 

3262 
466 
466 

54*5" 



DecL Dec. 17th, noon 23° 23' 46" 8., incr. 
Corr. for n k 43« + 55 



Jfted,decl. 



23 24 41 8. 



90P is subtracted from the true altitude, the re- 
mainder is senith distanoe, North. 



Obe. alt. aim's l.l. 
Index correction 



Dip (Table 5) 24 feet 
Corr. of alt (Table 18) 

Semi-diameter 

True altitude 

Zenith' distanoe 
Declination 

Latitude 



X 


54' *°* N 
4 4 


89 58 24 

— 4 42 


89 


53 4* 



? 


53 4* 
16 iS 


90 


10 


10 N. 
23 24 41 8. 


23 


14 41 8. 



The true altitude by Raper's Tables is 
90 9' 52*, Zenith dist. o° 9' 52% latitude 
23° 14' 49' 8. 



II 
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Ex. 7. 1876, September '22nd, long. 76° 30' W., observed meridian altitude son'! lj. 
40 9', bearing North, index correction -J- 20", height of eye 18 feet. 



Green, date (A.T.) Sept 22nd, 5 h 6». 

Decl. page I, N.A., Sept. 22nd, at noon 
o° 4' 58* N., decreasing, Hourly diff. 58*50. 

H. dill. Sept. 22nd, noon 58**50 
Time from noon 5' 1 

S*5° 
29250 





6,0)29,8-350 


Decl. Sept. 22nd 


-4' 5«* 

4- 58 N. 


Red. decl. 


000 



Obe. alt. Iran's l.l. 


40* 9' o*N 


Index correction 


+ 20 


Dip 18 feet (Table 5) 


40 9 20 

— 4 4 


Corr. alt (Table 18) 


40 5 16 
— 11 


Semi-diameter, K.A. 


40 4 15 
+ '5 59 


True altitude 


40 20 14 




90 


Zenith distance 


49 39 4** 8- 


Declination 


000 



Latitude 



49 39 4* 8- 



By Raper: index corr. + 20*; dip 
— 4 io c ; refr. •— 1' 9* ; par. -4- 7 ; semid. 
+ 15' 59* ; true alt 49° 39' 54* ; latitude 
49° 39 54* S. 



Ex. 8. 1876, June 25th, longitude 59 15' E., obseryed meridian altitude sun's v.l. 
6o° 24' 10" (zenith South of observer) ; index correction — 3' 17* ; height of eye 30 feet 



8hip's date (A.T.) June 25* o* o" 
Long. 59 15' E. — 3 57 

Green, date (A.T.) June 24th 20 3 



DecL p. I, N.A., 25th 23° 23' 29* N. deer. 

H. diff. June 25th noon 4**54 
T. from noon 25th is 3*57«*=3*95 

2270 
4086 
136"** 

Correction i7'933<> 



DecL June 25th at noon 23 23' 29'N. dm. 
Correction + l8 

Reduced declination 23 23 47 N. 

The deol. is taken out for the nearest noon to Green, 
date, via., June 25th at noon, and corrected for the 
interval between it and the Green, time, which is 
equal to the long, in time, via., ? h 57- (= 3 '95 *«•) 
we might have found the correction for 4 h , and taken 
from this result the change for 3" or one-twentieth 
of the hourly difference. 



Obs. alt sun's u.l. 
Index correction 



Dip 30 feet (Table 5) 

Corr. of alt. (Table 18) 

Semi-diameter 
True altitude 



Zenith distance 
Declination 

Latitude 



6o°24' io*N. 

— 3 '7 

60 20 53 

— 5 '5 

60 15 38 

— *9 

60 15 9 

— 15 46 

59 59 *3 
90 o o 

30 o 37 8. 
23 23 47 N. 

6 36 50 8. 



By Raper: Ind. corr. — 3' 17*; dip 
— 5' 20*; refr. — 33*4; par. + 4"*; 
8emid. — 15' 46'; true alt 59 59' 18*; 
latitude 6° 36' 55* S. 



Latitude by Sun's Meridian Altitude. 



243 



Ex. 9. 1876, August 23rd, longitude 
168° 25' W., observed meridian altitude 
ran'a l.l. 40 5' 30*, observer N. of sun ; 
index oorr. — 54* ; height of eye 12 it. 

Green, date, Aug. 23rd, n h 13° 40 s . 

DecL page I, NJL, August 23rd, at noon, 
ii° 15' 17* N., decreasing y Hourly diff. 51*- 20 
X n h '*z nearly = 574^976 or 9 35% the 
cm. to be subtracted; whence red. decl. = 
11 8 5' 42* N. 

By Norie: index corr. — 54'; dip — 
3' 19*; corr. of ait. — 1' 1"; semid. + 
15' 5a*; true alt. yd* 16' 8*. 

True altitude 



Zenith distance 
Declination 

Latitude 



40°i6' 8* 
90 o o 

49 43 5* N. 
11 5 42 N. 

60 49 34 N. 



Ex. 10. 1877, January ist, longitude 
150 E., observed meridian altitude sun's 
l.l. 70° 20' (zenith N. of sun) ; index corr. 
— 30* ; height of eye 19 feet. 

Green, date, 1876, Deo. 31st, i4 h o*. 

Time from noon, Jan. iat, 1877, or Dec. 
32nd = longitude in time io h o*. 

Decl. 1876, Dec. 32nd, 22 58' 47* 8., 
increasing, Hourly diff. 12 "90 X *o h (long, 
in time E.) = 129**00 or 2' 9" ; whence red. 
decl. 23 o' 56* 8. 

By Norie: index oorr. — 30'; dip — 
4' 11*; oorr. alt — 18* ; Bemid. + 16' 18*; 
true altitude 70° 31' 19*. 

True altitude 70° 31* 19* 

90 o o 



By Baper : index corr. — 54" ; dip — 
3' ao*; refr. — 1' 9^5 ; par. + 6' -5 ; semid. 
+ 15* 52*; true alt. 40 16' 5*; latitude 

6o'49'37'N. 

KXAMPT.TBH FOB PftAOTIOB. 

In each of the following examples the latitude is required : — 



Zenith distanoe 
Declination 

Latitude 



19 28 41 N. 
23 o 56 8. 

3 3* *5 N - 



No. 


Ciyil date. 


Longitude. 


Obs. alt. sun's l.l. 


Index oorr. 


Eye. 


1. 


1876 


, Jan. 10th, 


49°5i' W. 


68°39 # 40*N. 


+ 5' 10* 


13 ft. 


2. 


»» 


Feb. 1 st> 


39 5' E. 


72 43 50 8. 


+ 1 4* 


13 


3- 


»» 


March 8th, 


89 48 E. 


51 49 30 8. 


— 3 '7 


*5 


4- 


>» 


April 28th, 


165 23 W. 


u.l. 82 51 10 N. 


+ 4 10 


18 


5- 


n 


Hay 2nd, 


32 3 E. 


U.L. 46 l8 08. 





20 


6. 


t» 


June nth, 


62 57 E. 


L.L. 42 24 45 N. 


+ * >5 


21 


7- 


» 


July 20th, 


156 38 W. 


51 58 30 N. 


— a 39 


16 


8. 


i> 


Aug. 19th, 


82 30 W. 


57 4i ° 8. 


— « 3 


22 


9- 


n 


Aug. 26th, 


• 92 3 E. 


35 35 ao N. 


+ 2 17 


12 


10. 


tt 


Sept. 23rd, 


166 30 E. 


41 36 10 8. 


— 4 41 


'7 


11. 


n 


Oct. 23rd, 


90 12 W. 


54 40 40 8. 


— 49 


18 


12. 


>» 


Nov. 15th, 


80 n E. 


67 43 8. 


+ 1 38 


15 


'3- 


»» 


Dec 10th, 


J5 20 E. 


25 52 15 8. 


+ 2 


»7 


14- 


>» 


Sept 2 1 at, 


60 1 E. 


56 26 N. 





20 


*5- 


n 


March 20th, 


89 30 E. 


61 49 30 8. 


— 3 17 


'5 


16. 


»t 


April 7th, 


*39 45 w - 


«9 5S 50 S- 


+ 5 10 


12 


*7- 


11 


May 16th, 


45 »6 W. 


86 34 19 N. 


+ 4 16 


15 


18. 


»» 


Sept. 23rd, 


90 45 E. 


83 40 30 8. 





18 


'9- 


»f 


Nov. 3rd, 


106 E. 


70 29 45 N. 


•f 1 21 


*9 


20. 


ft 


Sept. 22nd, 


173 58 W. 


71 19 20 S. 


+ 3 40 


18 


21. 


ft 


Feb. 12th, 


8 12 W. 


29 55 20 8. 


— 1 10 


'9 


22. 


it 


March 20th, 


77 45 E. 


76 58 15 N. 


— 2 20 


21 


*3- 


1877, 


Jan. ist, 


125 32 E. 


u.l. 54 57 20 S. 


+ 2 10 


22 


*4- 


1876, 


Oct. ist, 


71 20 E. 


vjj. 82 15 N. 


— 3 *S 
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ON AMPLITUDES. 



281. — The Correction or Error of Compass is found by comparing the 
bearing of the sun or other celestial body, as shown by the compass, with 
the true bearing, as found by calculation. 

282. — The True Amplitude is the bearing of a celestial body at rising or 
setting (t.*., when its centre is on the rational horizon), from the true East 
or West point, found by calculation, from the latitude of the place and declina- 
tion of the body, or taken by inspection from a table, of which these quan- 
tities are the arguments (Table XLTT, Norie, or LIX, Eaper). 

283. — The Magnetic Amplitude is the bearing of a celestial body at rising 
or setting from the compass East or West points, found by direct observation 
with an instrument fitted with a magnetic needle, as the Azimuth Compass. 

The magnetic amplitude is distinguished as observed, or apparent, and corrected. The 
observed or apparent magnetic amplitude of a celestial body is its bearing from the oompass 
East or West point, when it appears in the sea-horizon of an observer standing on the deck 
of a ship. The corrected magnetic amplitude is the bearing of the body from the compass 
East or West point, when on the rational horizon, as it would appear to a spectator at the 
centre of the sphere through an uniform medium. The diurnal circles of the celestial bodies 
being, except at the equator, inclined to the horizon, and more and more the higher the 
latitude ; any cause which affects the time of rising will affect the apparent amplitude, and 
in a greater degree as the latitude increases. The following are the causes : — ( 1 ) The eleva- 
tion of the observer depresses the sea-horizon, while it does not effect the place of the 
celestial body — hence by reason of the dip, the body appears to rise before it is truly on the 
sensible horizon. (2) The great refraction at the horizon causes the body to appear to rise 
considerably before it comes to the sensible horizon. (3), When a body is in the sensible 
horizon, to an eye at the centre of the sphere it has already passed the rational horizon. This 
being the effect of parallax, is only of importance in the case of the moon. These corrections 
wiU be found in Table 59 A, Raper. 

i°. With the ship date and longitude in time, find the Greenwich date (see 
Eule LXXXI, page 222. 

The time of sunrise and sunset is generally given in apparent time. 

2 . Take out of Nautical Almanac (page I) the sun 9 * declination and correct 
it for this date (see Eule LXXXTT, page 225). 

3 . Take from the Table the log. sine of declination, and log. secant of latitude 
{rejecting 10 from the index J; the sum of these is log. sine of true amplitude, which 
take out of Tables. (Table XXV, Norie, or Table LXVJLLL, Raper). 

4 . To name the True Amplitude. — If the body is rising, or a.m., mark trw 
amplitude East ; if it is setting, or p.m., mark it West. : mark it also North, when 
declination is North ; or South when declination is South. 

The time of sun rising is always a.m., and of sun setting p.m. 

(a) When the declination is o, the true amplitude is o ; that is, it is East if 
ike object is rising — West, if it is setting. 

(b) When the latitude is o, the true amplitude is of the same amount as the 
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5°. Correction or Error of the Compass for the Position of Ship's Head. 

Under the true amplitude write the magnetic amplitude ; then- 
fa) If both amplitudes are North or both South, take their difference, 
(h) When one is North and the other South, take their sum. 

(c) If one is reckoned from East and the other from West, take the True 
Amplitude from 1 8o°, and change the name from East to West or from 
West to East ; the name as to North or South remains unaltered ; then, 
take their difference. 

The sum or difference fas the ease may be J is the entire correction, or error 

of the compass. 

The magnetic amplitude must be reokoned from East or West towards the North or South, 
before it is placed underneath the true. Thus : the magnetic amplitude S.E. by E. £ E. is 
E. 2} points S., or E. 28 7' 30' 8. 

6°. To name the Error of Compass. — The correction is named East when the 
true amplitude is to the right of magnetic amplitude; West when true is to the 
left of magnetic : the observer being supposed looking from the centre of the 
oompass, in the direction of the magnetic amplitude. 

Nora.— The learner will find it very useful to draw a figure, thus : — 
Make a rough sketch of the compass by drawing two lines crossing at right-angles, the 
ends of which will represent the four cardinal points, which mark N., S., E., W., (see Fig., 
Ex. 1) ; then to name the error of the oompass proceed as follows : — Consider the cardinal 
point from which the amplitude is reckoned as the origin, and draw two straight lines from 
the centre to represent the true and magnetic amplitudes, and mark their extremities T and 
If respectively — taking care to place the line T further from the origin if the true be greater 
than the observed (or magnetic) amplitude, but nearer the origin if the true is less. The 
arc between M and T is the error which will be East when T is to the right of M, but West 
if to the left. It is easily seen whether the error of the compass is the sum or difference of 
T. and M. 

The result as deduced above is generally called the variation, but the effects 
of the iron in the ship modify the bearing by compass. Every error deter- 
mined on board ship is compounded of variation proper and deviation, and * 
is the entire correction necessary to be applied to every bearing taken, and 
courie steered, but will vary with the position of the ship's head and the 
heel of the ship. If the iron of the vessel exercise no influence on the com- 
pass, the result obtained is only variation, and ought to agree with that 
registered on the chart. The deviation is found as follows : — 

7 . To find the Deviation. — Under the error of the compass place the variation; 
then (a). If they are of like names, i.e., are both East or both West, take 
their difference. 

(b) But if they have unlike names, i.e., if one is East and the other 
is West, take the sum. 

The sum or difference fas the case may be J is the deviation. 

(c) If the variation is o, the error of the compass is also the deviation. 

(d) If the error of the compass is o, the deviation is of the same amount 
as the variation. 

8°. To name the Deviation. — The observer must suppose himself in the 
mtrs of the compass, looking in the direction of the variation, — then the 
iemtion is East when the error of oompass is. to the right of the variation; 
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West tohen the error of compass is to the left of the variation — both the error of 
the compote and the variation being reckoned from the North point of the compote. 

Note. — It will be convenient for beginners to draw a figure for the deviation thus:— 
(See Fig. 2, Example 1.) 

Make a rough sketch of the compass ; the upper part of the vertical line being taken to 
represent the origin, which mark N., and mark the extremities of the horizontal line W. and 
E. respectively. Then from the centre of the compass draw two lines to represent the error 
of compass and the variation, calling them E and V respectively. The line E must be 
drawn to the right of N. if the error of oompass is E., but to the left of N. if the error be 
W. ; similarly, the line V most be to the right of N. when the variation is E., but to the 
left of N. if the variation is W. Take care to draw E further from N. than V if the error 
of compass is greater than the variation, but nearer to N. if the error is the less. The 
deviation is the distance from V to E, and is East when E is to the right of V, but West 
when E is to the left of V. It is easily seen whether the deviation is the sum or difference 
ofEandV. 

Note. — Persons who understand the algebraic signs will find it easier to use them in find- 
ing the deviation, which is always the algebraic difference between the error of compass and 
the variation, and which may be thus expressed, — when of contrary names, add; but when 
of the same name, subtract 

Nora. — In the following examples the seconds of declination are rejected. When the 
seconds are 30, or above, 1 is added to the minutes ; but when they are below 30 nothing is 
added to the minutes. 

Examples. 

Ex. 1. 1876, January 6th, at 4 h 44 s 27 s a.m., apparent time at ship, lat. 37 59' S., long. 
36° 24 W., the sun's magnetic amplitude was S.E. by E. J E. : required the true amplitude 
and error of compass ; and supposing the variation to be 3 40' E., required the deviation 
for the position of the ship's head at the time of observation. 



Ship date (A.T.) Jan. 5* io* 1 * 44» 27- 
Long, in time -j- 2 25 36 

Ghreen. date (A.T.) Jan. 5 19 10 3 

H. diff. noon, Jan. 6th — 17*" 7* 
Time from noon, 4 h 50* X 4" 8 3 

53'3 
14168 

7084 



Or thus, H.D. 

i7"7i 



io» 1 i h 
6,o 


88*55 
— 295 

8,5-60 




1 26 



Correction 
Decl. 6th, noon 

Bed. declination 

DecL 22 34' 
Lat. 37 59 



6,0)8,5-5393 

+ 1 26 
22 32 49 S. 

22 34 15 8. 

sine 9*584058 
secant 0*103369 

sine 9*687427 



The decl. is here token for the nearest noon, vis., the 
6th, and since the Ghreen. time wants only 4 h 50- of being 
noon of 6th (24* o* — io> 10* = 4* 50") , we multiplytht 
hourly diff. by this quantity, and apply the resulting 
correction the opposite way to throw it back, for since the 
declination is decreasing the declination at 4 k 50* before 
noon will be more than it is at noon, hence we add the 
correction. Or, multiply by 5 k , then since 5 h is io» in 
excess of 4 k 50", deducting i-6th of HJ>. fjom the product 
above, the result is correction. 



Fig. 1. 



N. 



I 



a.m. and S. decl.) True amp. E. 29° 8' 8. 
S.E.byE.JE.) Mag. amp. E. 28 7 J 8. = E. a J points. 

Error of oompass z 0$ E., because trm 

amplitftde is to the tiekt of mmgmtic amplitude. 
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lb Jtnd the Deviation. 



Error of compass 4* x ° °i' E. 
Variation by chart -j- 3 40 £. 



Kg. a. Ni 



Deviation — 2 39} W., because 
the error of compass is to the left of the variation. 



W. 




Make a rough sketch of the compass as in Fig. 1 in the above example. In this example 
the magnetic amplitude is reckoned from £. towards S. (S.E. by E. i E. = E. 2} pts. 8. = 
E. 28" 7}' 9.) To represent this, draw a line from the centre of the compass to a point M, 
mnewhere between E. or S. Again, the true amplitude is reckoned from E. towards 8. 
To represent this, draw a line from the centre of the compass to point T, further from E 
than M is from E, because the true amplitude is greater than the magnetic amplitude. 
Then it is evident that the line T, or the true amplitude, is to the right of the line M, or the 
magnetic amplitude. Hence by Rule, 6°, the error of the compass is East. 



Again, to name the deviation : — Draw a figure (see Fig. 2 above) and mark the end of the 
Tftruoal line N, to represent the true meridian (or true North point), and the extremities of 
the horizontal line W and E respectively, to represent West and East. Next, from the 
Moke of the compass draw a line E (see Fig. 2) to the right of North, to represent the Error 
of the Compass, which is E. ; and since the variation is also East, draw another line V to 
the right of North, but further from N than E is, beoause the variation is greater than the 
error. (See Fig. 2.) It is evident that the deviation is the angle included between E and 
V, and is East because E the error is to the right of V the variation. It is evident too that 
in this instance the deviation is the difference of E and V. 



Ex. 2. 1876, February 16th, at 4 k 58™ p.m., apparent time at ship, latitude 51 9' N., 
longitude 15 W., sun's magnetic amplitude W. \ N. : required the true amplitude and 
error of the compass ; and supposing the variation to be 28° 30' W. : required the deviation 
ft* the position of the ship's head at the time of observation. 



Ship date (A.TJ, Feb. i6 d 4*58- 
Long. 15 o' W. +10 

Green, date (A.T.), Feb. 16 5 58 

H.D. = 5i"86 
6 



6,0 



31116 
— 1-73 

3°>9'43 
5 9*4 



H. cliff., noon, Feb. 


16th — 5 i'-86 




5*97 




36302 
46674 

a593<> 




6,0)30,9*6042 




5 9*5 


Correction 
DecL, noon, 16th 


— 5 10 
12 26 48 8. 


Bed-deoL 


12 21 38 8. 



Declination 12° 22' 
latitude 51 9 



riae 9*33°753 
secant 0*202536 



«™ 9'533 a8 9 



is 



MAO. 



^i. and S. decl.) True-amp. W. i9°58' 8. 
. \ pt. N.) Mag. amp. W. 2 49 N. 

Error of compass 22 47 W., the true , 
amplitude being to the left of magnetic. 




248 On Amplitudes. 



lb find the Donation. 

Error of compass — 22 47' W. * H, 

Variation — 28 30 W. v \\ 

Deviation + 5 43 E., because the ^ 
error is to the right of the variation. -^ 1! E> 

Make a rough sketch of the compass by drawing two lines crossing at right-angles ; sad 
since the magnetic amplitude is reckoned from W. and N., draw a line M somewhere between 
W. and N. to represent it. Again, the true amplitude is reckoned from W. towards S. ; 
draw another line T somewhere between W. and S. to represent the true amplitude. It u 
easily seen that the error of the compass is the angle included between M and T, *.*., tht 
sum of the true and magnetic amplitudes ; and it is evident T, the true amplitude, is to the 
left of the magnetic amplitude, the observer being supposed looking from the centre of the 
compass in the direction of magnetic amplitude ; whence, according to Rule, 6°, the error of 
the compass is marked West. 

lb name the Deviation. — Draw another compass, and taking K. as the origin, and to repre- 
sent the error of compass, draw a line E from the centre of the compass, but to the left of N., 
because the error is West. Again, the variation also being West, draw another line V to 
the left of N., but further than E is from N., because the variation is greater than error. 
It is easily seen that, in this instance, the deviation is the difference of V and E, and the 
deviation is named East, because the error is to the right of the variation ; the observer 
being supposed looking from the centre of the compass, in the direction of the variation. 

Ex. 3. 1876, April 13th, at 5 h 47" 20 s a.m., apparent time at ship, latitude 20* i'N. f 
longitude 107 56' E., sun's magnetic amplitude E. J N., variation i° 40' E. 

Ship date, (A.T.) April i2 d i7 h 47*20" H. difE, April 12th, noon + 54*48 

Long. 107 ° 56' E. — 7 11 44 io-6 

Green, date, (A.T.) April 12th 10 35 36 

Declination 9° 4}' sine 9*167907 

Latitude 20 2 secant 0*027106 

sine 9*225013 



Correction 
Deol. 12th noon 

!a.m. and N. decl.) True amp. E. 9 40' N. 
E. J point N.) Mag. amp. E. 1 49 N. Red. deol. 9 4 32 



32688 
54480 


57,7-488 


9*37'5 


+ 9' 37' 
8° 54 SS 



Error of compass 6 51 W. the true 

amplitude being to the left of magnetic. 



W. 



— B. 



lb find the Deviation. 

Error of compass 6° 51' W. « N. t 

Variation 1 40 E. ' 

Deviation 8 31 W. 

the error is to the left of the variation. w. - - e. 

Ex. 4. 1876, June 10th, at 4 h 45" p.m., apparent time at ship, latitude 36° 42' S., longi- 
tude 120 30' E., magnetic amplitude W. 29° 15' N., variation 7 20' W. : required the 
deviation for the position of the ship's head at the time of observation. 



On Amplitudes. 



149 



8Wp date (A.T.), June io d 4 h 45 m 

or June 9 28 45 

Long. 1 200 30' E. — 8.2 



H. diff., noon, June iqth, + io**90 
T. from noon, 3 h i7 m = 3 b, 3 3-3 



Green, date (A.T.), June 9 20 43 

Declination 23° 4' sine 9*593067 
Latitude 3642 secant 0*095947 



sine 9*689014 

(p.m. and N. decl.) True amp. W. 290 15' N. 

Mag, amp. "W. 29 15 N. 



Correction 
Decl-, 10th, noon 

Bed. decl. 



3270 
3270 

35 970 

— o' 3 6' 
23° 4 16 N. 

23 3 40 N. 



Error of compass 
Variation 



o o 
7 20 W. 



Deviation 7 : o E,, because the error is 

to the right of the variation. ■ 

In this instance the error of compass is o, and the deviation is equal in amount to the 
variation, but of an opposite name, 

Ex. 5. 1876, July 3 1 St, at 4 h i6 m a.m., apparent time at ship, latitude 46 3' N., longi- 
tude i65°58' W., sun's magnetic amplitude N.E. by E., variation 13 o' \V., ship's head 
E.byN. 



Ship date, (A.T.) 
Long, in time 

Green, date, 



July 30 d i6 h 26 tn o* 
+ " 3 5 2 

July 3i d , 3 29 52 



Declination i8°6' sine 9-492308 
Latitude 46 3 secant 0*158622 

sine 9*650930 

(a.m. and N. decl.) True amp. E. 26 36' N. 
(E. 2} pts. N.) Mag. amp. E. 30 56 N. 



H. diff., July 31st, noon 37**46 

35 



3 h 3°*" = 



18730 
11238 

13,1:110 

Correction — 2' 11" 

Decl. 31st noon 18 8 19 N. dcr 



Bed. decl. 



18 6 8 K. 



Error of compass +420 E., the true amplitude being to the right of 
Variation — 13 o W. the magnetic. 



Deviation 



+ 17 20 E., because the error is 
to the riiiht of variation. 



Ex. 6. 1876, Sept. 22nd, at 6 h o m p.m., apparent time at ship, latitude 24° 40' 8., longi. 
tode 1 3 30' E., sun'a magnetic amplitude W. 2 50' N., variation io° 40' W. 



Ship date, Sept. 22 d 6 h o m o> 

Long. 13* 30** in time — 54 o 

Green, date, Sept. 22nd 560 



or, 5*ii 



The docL being o° the true amplitude- is o°, or 
W. o 8 o', -whence the error of compass is 2 50' W., 
because the true amplitude is to left of magnetic. 



XI 



H. diff., noon, Sept. 22nd, — 58^50 

5850 
29250 



6,0)29.8-350 

Correction — 4 58 

Decl., 22nd noon o 4 58 N. 



Bed. decl. 



000 
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To find the Deviation. 

Error of compass — 2°5o' W. 
Variation — 10 40 W. 

Deviation -\- 7 50 E., because the error of compass 

is to the right of variation. 

Ex. 7. 1876, December 10th, at 8 h 27 ■ a.m., apparent time at ship, latitude 54 35' N., 
longitude 53 15' W., sun's magnetic amplitude S.E. J E., variation 36 20' "W., ship's 
head S.W. by W. 

Green, date, Dec. 9 d 24 h o™ o* Decl. at noon, Dec. 10th, 22 59' 18' 6. 

The Green, date being noon, Dec. 10th, 

or Dec. 10 o o o one of the instants for which the declination 

— — is put down in the Almanac, nothing more 

is necessary than to transcribe the quantity 
as there put down. 
Declination 22 59' sine ' 9*591580 
Latitude 54 35 Becant 0-236933 

sine 9*828513 

(a.m. and 8. decl.) True amp. E. 42° 22' 8. 
(E. 3 \ pts. S.) Mag. amp. E. 39 22 S. 

Error of compass + 3 o E., the true amplitude being to the 
Variation — 36 20 W. right of magnetic. 

Deviation + 39 20 E., because the error is to the right 

of variation. 

Ex. 8. 1876, December 20th, at 4 h 31™ r.M., apparent time at ship, latitude 41 12' N., 
longitude 1 io° 45' E., sun's setting amplitude S.W. J W., variation o. 

Green, date, Der. 19* 2i h 8 m Decl. noon, Dec. 20th, 23 27' 15*8., «wr. 

Declination 23° 27' Bine 9*599827 H. diff., noon, 20th, -f- 1*13 X time 

Latitude 41 12 secant 0*123543 from noon, i h 52** 1 (= 2^-87) = 3*2431 

= corr. — 3* ; Red. decl. 23 27' 12*. 

sine 9723370 



!p.m. and 8. decl.) True amp. W. 3i°56' 8. 
W. 3J pte. S.) Mag. amp. W. 42 11 S. 

Error of compass 4- 10 15 E., the true amplitude being to the 
Variation 4" ° right of magnetio. 

Deviation 10 15 E. 
The Variation being o, the error of the compass is also the deviation. 

Ex. 9. 1876, November 15th, at 6 h 45™ p.m., apparent time at ship, latitude 31 56' N., 
longitude 75 30' W., sun's setting amplitude W. by S, } S., variation 6° 30' W., ship's head 

N.N.E. 

Green, date, November 15** n h 47*° H. diff. noon, 15th + 37 w *83 X time from 

Declination 18*47' «we 9"5°7843 noon n h 47 m (= u h *8) = 446" 394 = coir. 
Latitude 31 56 secant 0*071264 + 7**26; Ked. decl. 1 8° 47' 14' 8. 

sine 9*579107 

(p.m. and 8. decl.) True amplitude W. 22° 1 8' S. 

( W. 1} pts. 8.) Mag. amplitude W. 19 41 8. = W. by 8. J 8. 

Error of compass — 2 37 W. the true amplitude being to left 
Variation — 6 30 W. [of magnetic. 

Deviation + 3 53 E. the error being to the right of 

[variation. 
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Ex. 10. 1876, June 19th, at 9 h 40™ p.m., apparent time at ship, lat. 62 31' N., long. 
6o° 14' W., sun's magnetic amplitude, N.N.E. ; and supposing the variation of the compass 
if 57 50 W., required the deviation for the position of the ship's head at the time the ob- 
servation was taken. 

Ship date (A.T.), June 19* 9* 40" o» H. din*., 19th 1*66 

Long. (6o° 24' W.) in time + 4 * 36 T. from noon X 13*7 

1 — — _* 

Green, date (A.T.) June 19 13 41 36 Corr. of decl. 22*742 

i3 h "j Decl. June 19th, noon 23 26' 56" 

Declination 23 27' sine 9599827 corr. 23 

Latitude 62 31 secant 0-335837 



sine 9"935 66 4 

(p.m. and N. decl.) True amplitude W. 59 35' S. 

180 o 



Red. decl. 23 27 19 



E, 120 25 N. 
(E. 6 points N.) Mag. amplitude E. 67 30 N. = N.N.E. 

Error of compass 52 55 W., because true amplitude is to the left 

Variation 57 50 W. of mag. amplitude. 

Deviation 4 55 E., because error is to the right of 

variation. 

Before comparing the true and magnetic amplitudes, they must both be reckoned ./ram the 
point of the compass, E. or W., but in this instance one is reckoned from W. and the 
other from E. ; therefore, by taking either of them from 180 , they would both be reckoned 
from the same point — the true amplitude, in this example, is taken from 180 , and it is then 
reckoned from E. instead of W. Next take the difference of the amplitudes, as they are 
both marked N. ; and since the true amplitude is to the left of the magnetic— looking from 
the centre of the compass in the direction of the magnetic — the error of compass is W. The 
error of compass and variation being of the same name, take their difference for the deviation, 
which mark E, because the error of the compass is to the right of variation, looking from 
the centre of the compass in the direction of the variation. 

Ex. 11. 1876, July 20th, at 7 h o m p.m., apparent time at ship, lat 34 51' 8., long. 
172° 28' E., sun's magnetic amplitude W. | N., variation 8° 30' E. 

Green, date, July ia* 1 19* 30™ 8* H. diflf. noon, 20th — 2863 x time from noon 

Declination 20 36J sine 9*546515 4 h 30 01 (4 h '5) = 128*835 = oorr. + 2' 9*; 
Latitude 34 51 secant 0*085842 Red. decl. 20 36' 24* N. 

sine 9*632357 

!p.m. and N. decl.) True amplitude W. 25 24' N. 
W f N.) Mag. amplitude W. 8 26 N. 

Error of Compass + '6 58 E., the true amplitude being to 
Variation 4" 8 30 E. [the right of the magnetic. 

Deviation 4" 8 28 E., because error is to the right of 

variation. 

Ex. 12. 1876, March 24 d 5 h 58°* p.m. apparent time at ship, latitude 22 15' S. t longitude 
179 s 12' W., gun's magnetio amplitude S.W. by W. \ W. variation 9 40' E. 

The Green, date is March 24* i7 h 54™ 4.%*. Then 24* — 17 1 * 55 m = 6 b 5 m , or 6 h, i nearly, 
the time from noon, March 25th. • 

The decl., noon, March 25th, is 2 4' 4* N., increasing ; H. diff., 25th, noon, 58**88 X 6 h, i 
= 359"' 168, or 5' 59" sub tractive ; the decl. increasing, will be less 6 h 5™ before noon than 
at noon. Red. decl. i° 58' 5* N. 



*5* 
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Declination i°58' 
Latitude 2a 15 



*** 8'5355 a 3 
secant 0*033605 



nine 8*569128 



(p.m. and N. decl.) True amp. W: 2 7 J* N. 
(W. 2j pte. 8.) Mag. amp. W. 25 19 8. 

Gorr. of compass + 2 7 2 H E. 
Variation -f- 9 40 E. 

Deviation +17 46} E. 

Ex. 13. 1876, July nt, at 8- 36" p.m., lat. 56 4' N., long. 64* 50' W., sun's magnetic 
amplitude North, variation 36 o' W. 



Green, date, July i d ia h 55" 20 s 
or, i2 h *92 

Declination 2 3 3' sine 9*592770 
Latitude 56 4 sec. 0*253188 



Decl. Page I, N.A. July ist, at noon, 
*3° 5' 12*5 N. deer., H. D. 10*66 : H. D. 
io**66 X 12*92 gives correction — 2' i7**7, 
whence Bed. Decl. is 23* 2' 54' 8 8. 



sine 9845958 

(p.m. and N. decl.) True amplitude W. 44 32' N. 

(N., or W. 8 pts. K.) Mag. amplitude W. 90 o N. (8 pts. == 90 ) 

Error of compass — 45 28 W. 

Variation — 36 o W. 



Deviation 



— 9 28 W. 



Examples fob Practice. 

In each, of the following examples the Error of Compass and Deviation 
are required for the position of the ship's head at the time of observation. 



1 

No. 


Civil date. 


■ 

App. time, 
h m s 


Latitude. 1 

« 1 


1 

Longitude. 

, 


Sun's Mag. Amp. 


Variation. 


1876. 


» 


1 


Jan. 27th.... 


6 55 40 A.M. 


35 4» N. 


12 5* w. 


S.E. by 8. 


21 50 W. 


2 


Feb. 17th.... 


6 48 O P.M. 


34 57 N. 


40 8 £. 


8.W. bv W. 


7 40 E. 


3 


March 29th . . 


5 50 O A.M. 


25 5° & 


"7 35 w - 


E.S.*E. 


23 40 W. 


4 


April 5th .... 


6 15 O P.M. 


20 20 S. 


'55 30 E. 


W. 6 9 40* N. 


6 40 E. 


5 


Nov. 7th .... 


5 25 A.M. 


27 41 8. 


70 2 W. 


. E. JN. 


13 50 E. 


6 


May 26th.... 


7 56 O A.M. 


51 22 8. 


48 oE. 


E. JS. 


35 20 W. 


7 


June 2nd 


882 P.M. 


52 30 N. 


27 6 W. 


N.N.W.JW. 

N.E. i N. 

N.W. l W. 


37 20 W. 


8 


July 14th.... 


6 50 58 A.M. 


28 59 8. 


in 11 W. 


11 40 E. 


9 


Aug. 27th . . 


5 44 p.m. 


21 4 8. 


36 19 E. 


23 10 W. 


10 


Sept. 8th ... . 


5 47 a.m. 


24 22 N. 


57 3°W- 


E. 





, 11 


Oct. ist .... 


5 48 50 A.M. 


42 44 8. 


175 '5 W. 


B.*N. 


18 50 E. 


1 12 


Sept. 23rd . . 


600 A.M. 


$6 41 8. 


179 42 £. 


E.}S. 


11 E. 


! 13 


Nov. 3rd 


6 34 O P.M. 


29 20 8. 


136 35 E. 


W.S.W. 


2 50 W. 


; h 


Dec. 4th 


7 s^ 48 p.m. 


49 59 S. 


160 45 E. 


S.W. by W. 


16 oE. 


1 ■ 
15 


March 20th . . 


600 P.M. 


55 IO N - 


179 24 £. 


W. JN. 


; 15 oe. 


16 


Sept. 22nd . . 


600 P.M. 


60 1 8. 


'3 54 E. 


West. 


21 50 W. 


*7 


June 9th 


6 A.M. 





10 21 W. 


E.4N. 
S.S.E. 


20 15 W. 


18 


Feb. 26th.... 


7 49 O A.M. 


62 5 N. 


12 52 W. 


35 45 W. 


l 9 


April 30th . . 


6 28 12 P.M. 


24 58 N. 


138 52 W. 


W. by N. J N. 
W. bv N. 


10 oE. 


20 


May 27th.... 


7 40 O P.M. 


47 40 N. 


148 3W. 


20 15 E. 


21 


June 1 8th .. 


1 47 O A.M. 


63 54 N. 


174 20 W. 


N. by W. i W. 


25 oE. 


22 


March 6th . . 


6 14 O P.M. 


31 24 8. 


2 10E. 


W. i6°52'N. 


17 50 w. 


23 


April 10th .. 


6 45 p.m. 


53 58 N. 


'7» 33 E. 


W. f 8. 


16 10 E. 


*4 


Dec. 14th.... 


4 35 ° * *. 


42 s. 


74 56 K 


South. 


19 20 W. 




_ 


__ 


_ 


_. . . 




_____ 



ON FINDING THE TIME OF HIGH WATER. 



« BY THE ADMIRALTY TIDE TABLES." 

284. These Tide Tables/ published annually, give the time (a.m. and p.m.) 
of high footer, and the height for every day in the year, at the following places, 
viz. :— Brest, Devonport, Portsmouth, Dover, Sheerness, London, Harwich, 
Hull, Sunderland, North Shields, Leith, Thurso, Greenock, Liverpool, 
Pembroke, Weston-super-mare, Holyhead, Kingston, Belfast, Londonderry, 
Sligo Bay, Galway, Queenstown, and Waterford. 

285. To find the times of high water from the Tide Tables if the place 
is one of the Standard Ports, proceed by 

RULE XC. 

Turn to the month in the Tide Tables and find the given place ; then opposite 
the given date tvill stand the morning (a.m.) and afternoon (p.m.) times of high 
wrier required. 

Nan.— When the mark — occurs it shows that there is hut one tide during that day ; no 
high water, therefore, takes place in the morning or afternoon in which the mark appears. 

Thus, wishing to know the time of high water at North Shields on the 7th of February, 
1875— on turning to February under the head of North Shields (see page 13), it is seen at a 
glance that high water takes place at 4 h 8 n a.m., and that the height of tide is 12ft. ioin. 
•fa* the mtan low water level of spring tides, and that the time of high water on the afternoon 
of tame day is 4 h 27 m , while the height of tide above the low water level of spring tides is. 
13ft. iin. Similarly, desiring to know the particulars of the tide at Brest on the morning 
of March 3rd, 1875 (see page 18), the mark — shows that no tide occurs in the morning of 
that day ; there will be a high water at 1 i h 41 m p.m. on the 2nd, and again at o* 27 s p.m. 
(u., 27* past noon) of the 3rd, but none in the interval. 

Again, if it be required to know the times of high water on May ist, 1875, at Weston- 
soper-mare— on turning to May, and under Weston-super-mare (see page 39), and opposite 
the ut we find that the times of high water are 2 h 24™ a.m., and 2 h 57 m p.m. respectively. 

286 If the place at which the time of high water is required be not a 
standard port, it is to be referred (if in the west of Europe) to a standard 
port, by adding or subtracting a certain constant to the time of that standard 
port, as directed in the Tables. 

In pages 103 to 108 of the Admiralty Tables, 1875, will be found upwards 
of two hundred ports on the coasts of the United Kingdom, and in Europe, 
for which standard ports of reference are given, and the time which is to be 
added to or subtracted from the time of high water at such standard port. 

287. To find the times of high water by the Tidal Constants. 

RULE XOL 

i°. Seek in the " Tide Tables " pages 104 — 108, in the left hand column for 
the given place, and in the column headed " Standard Port of Reference" wiU 
be found the Standard Port for the given place ; also, from the column headed 
"Time/' and opposite the given place, take out the "Constant," bei/g careful 
te note whether it is additive (marked +\ or subtractive (marked — ). 



2 54 Finding the Time of Sigh Water. 



2°. Take out of "Admiralty Tide Tables" pages i — 97, the morning (a.m.) 
and afternoon (p.m.) times of high water at the " Standard Port of Reference," 
being careful to annex the letters a.m. or p.m. £0 the tides so taken out. 

(a) If a blank ( ) occurs in either morning (a.m.) or afternoon (p.m.) 

column, use the preceding tide instead tohen the Constant is marked additive (+)> 
but use the tide following the blank ( ) when the difference is marked sab- 
tractive ( — ) . 

3 . To the times of high water at the Standard Port just taken out, apply the 
Constant (No. 2 ), adding or subtracting said constant according as it marked + 
or — ; the result in each case, if less than 1 2 b , is* respectively the morning (a.m.) 
and afternoon (p.m.) times of high water required. 

(a) When the sum of the Constant and the morning (a.m.) time of high water 
at the Standard Port exceeds 1 2 b , deduct 1 2 h , the remainder is the afternoon (p.m.) 
time of high water at the given place. To obtain the morning (a.m.) time of 
high water at a given place, if any, add the Constant to the preceding afternoon 
(p.m.) time of high water at the Standard Port, and if the sum exceeds i2 h , 
deduct i2 b , the remainder is the morning (a.m.) tide sought, but if the sum be 
less than i2 b , it is the afternoon (p.m.) tide of the day before, and there is no 
morning (a.m.) tide that day at the given place. 

(b) When the Constant added to the morning (a.m.) tide at the Standard 

Port is less than i2 h (i.e., gives morning (a.m.) tide at given place J ; hut when 

added to the afternoon (p.m.) tide at the Standard Port is greater than i2 b , 

there is only a morning (a.m.) tide at the given place on that day. 

Note. — When the sum of the constant and the tide taken from the Tables is less than i2 b , 
it remains a tide of the name name as that used, but when the sum exceeds i2 h , the time 
over i2 h will be a tide of the name following that taken out. 

(c) When the Constant is subtractive, and exceeds the morning (a.m.) tide 
at the Standard Port, reject this last and use the following afternoon (p.m.) tide 
at the Standard Port. If the subtractive Constant exceeds the afternoon (p.m.) 
tide at Standard Port, i2 h must be added to this last before subtraction is mads; 
the remainder will be the morning (a.m.) tide at the given place. For the after- 
noon (p m.) tide use the following tide at Standard Port, that is, the morning 
tide of next day, borrowing 1 z k if Constant exceeds it; the remainder is after- 
noon (p.m.) tide at the given place. 

(d) If Constant being subtractive, exceeds the Standard morning (a.m.) 
tide, but is less than the Standard afternoon (p.m.) tide, there is only an after- 
noon (p.m.) tide at the given place on that day. 

(e) If tohen the Constant is subtractive, the Standard afternoon (p.m.) tide 
has to be increased i2 b , but Constant is less than the Standard morning (a.m.) 
tide following ; there is only a morning (a.m.) tide at the given place that day. 

~FlYA\rPT/ER 

Ex. 1. 1875, January 3rd: find the times of high water a.m. and p.m. at the Needles 

Point. 

Turning to the "Admiralty Tide Table " for 1875, at P*ge l0 7» in the left hand column, we find Needles 
Point, and in the right hand column, immediately abreast, we find that the Standard Port of Reference which 
in this instance is Portsmouth, and in the column under Time we have the Constant — i h 55", that is, we have 
to tubtract i h 55™ from the tame of high water at Pur'smouth on any day in order to obUua the evrxeepuMumf 
of high water at Needle* Fowl The wot* will stand w follow* :— 



FineUng the Urnth of Sigh Water. 



*J5 



Port of reference— Portsmouth 8 h i m a.m. 
Constant for needles — i 55 



8 b 34 m P.M. 

— 1 SS 



Time H.W. Needles, Jan. 3rd 6 6 a.m. 6 39 p.m. 

Ex. 2. 1875, Feb. 12th : find times of high water a.Mi and p.m. at Bordeaux. 

Turning to page 107, Admiralty Tide Tables, it is seen that the Port of Reference for Bordeaux is Brest, and 
the constant is + 3 h 3-, that is, the Bordeaux tides are 3 h 3" later than the Brest tides, and consequently 3 h 3" 
most be added to the time of high water at Brest on any day, to obtain the corresponding time of high water 
it Bordeaux. 



Port of reference— Brest, Feb. 12th, 7*4710 a.m. 
Constant for Bordeaux +33 



Times H.W. Bordeaux 



gta I0 m P§M , 
+ 33 



IO 50 A.M. II 13 P.M. 

It may be here remarked, that on adding a constant to the standard, a 
morning tide frequently becomes an afternoon tide, and an afternoon tide 
may become a morning tide /or the next day. (See 3 (a) of Eule.) 

Ex. 3. 1875, Maroh 16th : find times of high water, a.m. and p.m. at Cherbourg. 

* 

The Standard Fort of Reference for Cherbourg (see page 108, Admiralty Tide Tables) is Brest, and the Con- 
stant is + 4 b 2", that is, for the times of high water at Cherbourg, we must always add 4 h s B to the times of 
high water at Brest. 

In this instance, high water at Brest, March 16th, occurs at n h 9° a.m. (i.s., 51m before noon) ; consequently 
I v* (the Cherbourg constant) added to that time must evidently give a p.m. tide at Cherbourg ; the a.m. 
sigh Tatar at Cherboug must, therefore, be sought from the previous (p.m.) tide at Brest, thus :— 




Port of reference -Brest, H.W., 
Constant for Cherbourg 



II h 9 m A.M. 

+ 4 * 



15 11 
12 



IO h I4 m P.M. 

+ 42 

14 16 
— 12 



Times H.W. Cherbourg 



3 " P.*. 



a 16 a.m. 



If the morning tide, by adding a Constant, becomes an afternoon tide, 
and the afternoon tide of the day before remain less than i2 h when the 
Constant is added there is no morning high water at the required port thus :— 

Ex. 4. 1875, April 19th : find am. and p.m. tides at Flushing. 

The Standard Port of Reference in this case is Dover, and the Constant -f i h 4a 01 . 

In this case it is high water at Dover, April 10th, at xo* 21a a.m. (i.e., i h 39a before noon), and the Constant 
i k 42 s added to that will evidently give a p.m. tide at Hushing. The preceding time of high water at Dover 

ie., the time of high water in the afternoon (p.m.) at the previous day must be employed to obtain the morn- 
ing (or a.m.) tide at Flushing— If any. In this example it will be se<*n that when the additive constant is 
■ppKed to the preceding afternoon tide at Dover, the sum is less than 12*, consequently, the tide does not flow 
put midnight— the result being p.m. tide of April xSth. There is, therefore! no a.m. tide on the 19th of April 
at flushing. 



Time H.W. Dover, April 19th io h 2i m am. 
Constant + 1 42 



12 
12 



April 1 8th io* 4 u p,m« 
+ 1 4* 

April 1 8th 11 46 p.m. 



Time H.W. Flushing, April 19th 03 p.m. (No a.m. tide.) 

When the constant is subtractive, the morning tide at the Standard Port 
frequently becomes an afternoon tide of the day before, and the afternoon 
tide of the given day becomes a morning tide, in which case the morning 
tide of the succeeding day must be employed to find the afternoon tide at the 
gmn port, as in the example following :— 



2$6 



FtHdity the Time of High Water. 



Ex* 5- l8 75» May nth : find a.m. and p.m. tides at Portland Breakwater. 

In this case the Standard Port of Reference is Portsmouth, and the first tide at Portsmouth occurs at & jo* 
a.m. (i.e., 3 b 30" after midnight), consequently, since Portland Constant shows that high water occur* there 
4> 40" earlier than at Portsmouth, and since that quantity, subtracted from May nth, 3* 30" a.m., would pre 
a p.m. tide of the icth at Portland ; we therefore use the Portsmouth tide of the nth p.m., and of the 1am 
a.m. thus :— 



Time H.W. Portsmouth, May nth 3 h i8 m p.m. 

+ i* 

Constant for Portland — 4 40 



May 12th 4 b 30 n> A.M. 
+ 12 



Time H.W. Portland B'kwater,May nth 11 18 a.m. 

Ex. 6. 1875, Jane 28th: find a.m. and p.m. tides at Falmouth. 



16 30 
— 4 40 

xi 50 p.m. 



The Standard Port of Reference is Devonport, and the Constant is — c* 46". A blank ( ) occurs in the 

morning column of the 28th, we therefore use the next tide (as the constant is subtractive), viz., the p.m. tide, 
12* being added to make the subtraction, thus : — 

Time H.W. Devonport, June 28th o h 2i m p.m. (next tide) Jane 29th 0*57* A.M. 

12 Constant — o 46 



12 21 
Constant for Falmouth — o 46 



June 29th on a.m. 



Times H.W. Fa] mouth, June 28th 11 35 a.m. 

Here there is no p.m. tide on June 23th at Falmouth. 

Ex. 7. 1875, July 12th: find a.m. and p.m. times of high water at Milford Haven 

(entrance). 

The Standard Port of Reference is Pembroke, and the Constant — c* 20* (see page 105, Admiralty Tide 
Tables). Constant exceeds Standard a.m. tide, therefore reject it ; but it is less than p.m. ; there is only a 
p.m. tide at Milford Haven. 

Time H.W. Pembroke, July 12th oh 5» a.m. o h 33» p,m. 

Constant — 20 — 20 

o 13 P.M. 
No a.m. tide on nth at Milford Haven. 

Ex. 8. 1875, February 15th : find a,m. and p.m. times of high water at Ballycottifl. 
The Standard Port of Reference is "Waterford, and the Constant — c* ao™. 
(Only tide) Time H.W. Waterford, Feb. 15th o h 26» p.m. 



Constant 



— 26 



Time H.W. Ballycottin, Feb. 15th o o 
There is only one high water on the 15th, and this occurs at Noon. 

EXAMPLE8 FOB PnAOnCE. ' 

In each of the following examples it is required to find the times of high 
water, a.m. and p.m. : — 



No. 

1. 
2. 

3- 

4- 

5- 
6. 

7- 
8. 

9« 

10. 

xi.. 



Civil Date. 
1875, Deo. 14th, 
„ Deo. 23rd, 



» 



Nov. 8th 
May 14th, 
April 1 8th, 
May 12th, 
June 27th, 
Oct. 23rd, 
Dec. 6th, 
Oct. 9th, 
Sept. nth, 



Place. 


No. 




Civil Date. 


Cherbourg. 


12. 


i»75: 


, Jan. 19th, 


Aberdeen. 


»3- 


» 


Sept 24th 


Stroma ess.' 


14. 


»> 


Oct. 22 nd, 


St. N a zaire. 


*5* 


a 


Oct 8th, 


Ushant. 


16. 


» 


Sept, 17th, 


Portland B'kwater. 


'T- 


a 


July net, 


Dartmouth. 


IS. 


it 


March 16th, 


Ballycottin. 


19. 


>t 


May 16th, 


King Road. 


20. 


» 


May 22nd, 


Falmouth. 


21. 


» 


Aug. nth, 


Ferrol. 


22. 


it 


Sept. 17 th, 



Place. 
Cadiz. 

Lundy Island. 
Havre. 
Cardiff. 
Ramsey. 
Marvport 
Wexford. 
Gibraltar. 
Dublin Bay. 
Milford Haven. 
Nieuport. 
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288. In pages 151 to 232 of Admiralty Tide Tables for 1 87 5, are given the 
times of high water at full and change of a great number of Ports, by which 
we are enabled to calculate approximately the time of high water on each day. 
The constant is found by taking Brest as the standard port, at which place 
the time of high water, full and change, is 3 11 47°. The difference between 
the fall and change at the given port and Brest will be the constant to be 
employed, as in the preceding Rules, except there be a great difference of 
longitude ; in which case the correction for the moon's meridian passage must 
be employed, since for the greatest longitude this correction may amount to 
half an hour. Should the longitude, however, not exceed 5 , it may be 
neglected, as doing so will scarcely make more than a difference of one minute. 
It must also be observed that the longitude of Brest is 4^° W. of Greenwich, 
and in strictness, therefore, in determining this correction 4 should be sub- 
tracted, if the longitude of the place be east, or added if it be west The 
correction is found in Table XVI, Norie, or Table XXVIII, Eaper. Hence : 

289. To find the time of high water at Foreign Ports whose constants 
are not given in the Tide Tables. 

bule xcn. 

i°. To find the Constant. — In the Alphabetical List of Porte at the end of 
ike Admiralty Tide Tables (for 1875 p. 189 — 232), find the time of high water, 
Ml and Change, at Brest, and also that corresponding to the giren port; 
subtract the \o>m from. the greater of these two times, and the remainder will be the 
Coh8Tant, additive if the full and]change (F. & C.) at the given port is greater 
fhm that of Brest, but subtractive t/less. 

2°. Take out the times of high water at Brest for the given day, and apply the 
constant as directed in the preceding Bule, XCI pages 253 — 254; the result is 
the time of high water (nearly) at the given place. 

3°. Take out the longitude of Brest and also of the given place ; take the sum % 
if the names are alike, but take the difference if the names are unlike. 

4°. Take out (from the column to the left of those containing the times of 
high water at Brest) the moon's transit for the proposed day and the following 
0**, if the long, is west ; but for the given day and the preceding one if the long. 
is east. Their difference, in either case, is the Daily Variation, or Betardation. 

5°. Take from Table 28, Baper, or Table 16, Norie, the correction corres- 
ponding to the daily variation and longitude. 

6°. Apply this correction by addition in west longitude, but by subtraction 
« east longitude, to the approximate times of high water already found, the result 
ia the times of high water on the proposed day at the given place. 

Eyamplks. 

Ex. 1. 1875, March 30th : required the time of high water at Viotoria River, Turtle 
Point (N.W. coast of Australia), longitude 130 £. 

Time of H.W. full and change, Viotoria Bitot 7* 15" (p. 229) 

» B *"t ' 3 47 (P. 194) 

Constant +3 *8 
J) 's transit, March 30th, 6* i6»p.m. Long. Victoria River, 130 E. 

*ath,5 23 „ Brest ........ 4 W. 

53 «*" 

Under <]■ and against 126* longitude, in Raper, Table 28, or Norie, 16, we find 18- to be subtracted 
tonne tie longitude i-> E. 
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Time H.W. Brest, March 30th 8*45«"a.m. 



Constant 



+ 3 *» 



12 13 

Correction for longitude — o 18 



Time H.W. at Victoria 1 
Biver, Maroh 30th, / " M *.m. 

No p.m. tide. 



Time H.W., Brest, March 30tt 9^25-? je. 



Constant 



Time H.W. at Victoria) 
River, March 30th.. J 



+ 328 



« 53 
— o 18 



1 a 35 PJI - 



on March 31st o 35 ajc. 



Ex. 1. 1875, October 20th: find the times of high water at Sandy Hook, longitude 
74° W. 

Time of H.W. mil and change, Sandy Hook .... 7* 29 s (p. 222 



» 



>i 



Brest 



29 s (p. 222) 
47 " (P- »94) 



D 'a transit 20th, 4 h 44' 
21st, 5 46 



62 m 



Constant +3 42 
Long. 8andy Hook, 74 W. 
„ Brest +4 W. 

"78 



Under 6a» and against 78° in longitude, in Itaper, Tabic 28, or None, 16, we find 13* to be added, became 
the longitude is West. 



Time H.W., Brest, Oot. 20th 7* io"a.m. 

Constant + 3 42 

10 52 A.M. 
Correction for longitude -|- 13 



Time H.W. Sandy Hook, 
Oot. 20th 



XI 5 A.M. 



Time H.W., Brest, Oct. 20th 7* 39- p.m. 

Constant +3 42 



Correction for longitude 



11 21 P.M. 

+ 13 



Time H.W. Sandy Hook, \ . , „ A _ w 
Oct. 20th . J " 34FJf * 



Ex- 3- 1875, Hay 21st: required the times of high water at Nelson, New Zealand, 
longitude 173 E. 

Time of H.W. full and change, at Nelson 9* 50" (p. 215 



»> 



>* 



Brest 



5 o» (p. 215} 
47 (P- 194) 



D 's transit, May 21st, o* 23" a.m. 

19th, 11 36 P.M. 



Constant + 6 3 






47 

Under 17- and opposite 169° (173° — 4*) in Table 16, Norie, or aft, Itaper, stands the oorrectton «■ to be 
octal. 



aubtr< 



Time H.W., Brest, May 21st 4 h 8" a.m. 

Constant + 6 3 



Correction for longitude 



10 II A.JC. 

— 21 



Time H. W., Brest, May 2 1st 4 h 24" p.m. 

Constant + 6 3 



Correction for longitude 



10 27 p.m. 
— 21 



Time H.W. Nelson, May 2 1st 9 50 a.m. ; Time H.W., Nelson, May 21st 10 6 p.m. 

Ex. 4 . 1 875, August 3rd : find the times of high water at Cape Virgin, Straits of Ma gel l a n, 
longitude 68* W. 

Time of H.W. full and change, Cape Virgin, .... 8 h 30" fp. 229) 
„ t. Brest 3 47 (p. 194) 

Constant + 4 43 

45 



t 
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Time H.W. Brest. Aug. 3rd • 4* 51- a.m. I Time H.W. Brest, Aug. 3rd 5 h ii-p.m. 



Constant + 4 43 

9 34 
Correction for longitude ... . + 8 



Time H.W.C. Virgin Aug. 3rd 9 42 a.m. 



Constant + 4 43 

9 54 
Correction for longitude .... ■+• 8 

Time H.W.C. Virgin, Aug. 3rd 10 2 p.m. 



FjXAMPLWH FOR PRACTICE. 

Ex. 1. 1875, Aug. 12th : find the times of high water at Caraous River, Ecuador, longi- 
tude 67 W. 

Is. 2. 1875, September 22nd : find the times of high water at Auckland, New Zealand, 
longitude 175 S. 

E** 3- 1875, May 15th : find the times of high water at Point de Galle, Ceylon, longi- 
tude 8o°E. 

Ex. 4. 1875, February 22nd : find the times of high water at San Francisco Bay, longi- 
tude 122° W. 

*k- 5* l8 75> September 23rd: find the times of high water at Malacca Fort, longi- 
tude 102* 15' E. 

Ex. 6. 1875, July 22nd : find times of high water at Port Jackson, North Head, longi- 
tude 151° 16' E. 

£*• 7* '875, July 27th : find times of high water at St. Julian, longitude 67* 38' W. 

Ex. 8. 1875, July *6th : find times of high water at Awatska Bay, longitude 15 8° 47' E. 

Ex. 9. 1875, July 1 8th : find times of high water at Cape Cod, longitude 70 6' W. 

Ex. 10. 1875, June 3rd : find times of high water at Point de Galle, longitude 8o° E. 
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290. The Error of Chronometer on mean time at any place is the dif- 
ference between the time indicated by the chronometer and the mean time at 
that place. The error of chronometer on Mean Time at Greenwich is the dif- 
ference between the time indicated by the chronometer and the mean time at 
Greenwich. The error is said to be fast or slow as the chronometer is in 
advance of or behind the mean time at Greenwich. 

291. Bate of Chronometer is the daily change in its error, or the in- 
terval it shows more or less than twenty-four hours in a mean solar day. If 
the instrument is going too fast, the rate is called gaining ; if too slow, losing. 

292. To find the rate. — The rate of a chronometer is determined by com- 
paring its errors for mean time, as found by observation at a given place, on 
different days. Thus, if by observation a chronometer is found 20" slow, and 
at the end of ten days is found to be 50" slow for mean time at the same place, 
it has evidently lost 30* in ten days, whence its mean daily rate is 3* losing. 
If on a given day, chronometer be 12' fast, and at the end of thirteen days 
yf fast for mean time at any place, it must have gained 45* in thirteen days, 
or its rate iff about 3'* 5 a day gaining. Hence the amount of the daily rate 
(supposed uniform) is found by dividing the change of the error by the 
number of days in the interval between observations. 
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293. To name the rate. — When the chronometer is fast either on Green- 
wich mean time, or on the time at place, if the error is increasing, the rate is 
gaining; if decreasing, the rate is losing. When the chronometer is slow, if 
the error is increasing, it is losing ; if decreasing, it is gaining. When the 
chronometer is fast and the error changes to slow, the rate is losing ; if the 
error changes from slow to fast, the rate is gaining. 

Examft.ib. 

Ex. 1. A chronometer 'was 25™ 20* slow for mean time at Greenwich on Nov. 20th, and 
on November 30th, was 24.°* 45* slow on Greenwich mean time : required the daily rate. 

November 20th, chronometer slow 25™ 20* 
November 30th, „ slow 24 45 

Change of error in 10 days 35 

Bate for 1 day 3*5 gaining. 

In this example the chronometer is slow on November 20th, and the error is decreasing, 
therefore the chronometer is gaining. 

Ex. 2. A chronometer was slow 28" 5* on mean time at Greenwich, Feb. 27th, 1876, and 
on March 1 ith was slow 29" 36* on mean time at Greenwich : find daily rate. 

1876, February 27th, chronometer slow 28* 5* Feb. 29 (leap year). 

1876, Marth nth, „ slow 29 36 Feb. 27 

Change of error in 13 days 1 31 2 

March 1 1 , 

13)91(7-0 — 

91 Int. 13 d 

The error of chronometer, which is slow t is increasing, it is therefore losing 7**0. 

Ex. 3. A chronometer was fast i m 23* on mean time at Greenwich, Jane 2nd, and on 
July ist, wan fast i m 37»*5 on mean time at Greenwich : find daily rate. 

June 2nd, chronometer fast i m 23* June 30 

July 1 at, „ fast 1 37 -5 June 2 

Change in 29 days 14*5 28 

— — July 1 

14-5 Int. 29 d 

The error of chronometer iafast and increasing^ hence the daily rate is 0**5 gaining. 

Ex. 4. A chronometer was fast i m 51* on mean time at Greenwich, May ist, and on 
May 15th was 41" fast on mean time at Greenwich : find daily rate. 

May ist, chronometer fast i m 51" May 1 

May 15th, „ fast o 41 May 15 

Change in 14 days 1 10 Ink 14 



'4 



70, 
35 



5 
In this exa mp le the cttxonoinctcx la fast and the error decreasing, the rate therefore is losing. 



\ 

1 

\ 
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294. When the error is found to have changed from fast to slow, or from 
slow to fast, the rate is the sum of the errors divided by the number of days 
alapted. 



11 
1 11 



Ex. 1. July 28th, at 3* p.m., the chronometer was o™ 6 a *o fast, and on August 4th at 
same time, it was o* 17-1 slow : required the daily rate. 

July 28th, at 3 h p.m., chronometer fast o m 6**o 
August 4th, „ „ slow o 17*1 

Change of error in 7 dayB 23 1 

3-3 losing. 

In this example the error has changed from fast to slow, the chronometer therefore is 
losing. 

Ex. 2. A chronometer was slow i m 4* on mean time at Greenwich, March ist, and on 
March 23rd, was o" i9**6 fast on mean time at Greenwioh : required the rate of chronometer. 

March ist, chronometer slow i m 4* March 23 

March 23rd, „ fast o 19*6 March 1 

Change of error in 22 days 1 23*6 Int. 22* 

2 836 

41*8 

Bate 3*8 gains. 

1m this example the error of chronometer has changed from slow to fast, it is evident, 
therefore, that the chronometer is gaining, 

TiTiuw,!! sob Practice. 

Ex. 1. A chronometer was slow 2 m 14 s on mean time at Greenwich, March 3rd, and on 
March 25th was slow 50*4 on mean time at Greenwich : find the daily rate. 

Ex. 2. A chronometer was slow 5** 19 s on mean time at Greenwich, January 30th, and 
on February 17th was slow 6 m 13 s on mean time at Greenwioh : find the daily rate. 

Ex. 3. A chronometer was i m 2* fast on mean time at Greenwich, January 24th, and on 
February 10th was/«* 3 ra 18**5 * or mean time at Greenwich : find the daily rate. 

Ex. 4. A chronometer was sUw 49**3 on mean time at Greenwich, March 17th, and on 
April ist was i m 58**7 fast for mean time at Greenwioh : find daily rate of chronometer. 

Ex* 5. A chronometer was fast i m 4* on mean time at Greenwich, January 10th, and on 
February 10th was i m 6*2 slow for mean time at Greenwich : required the daily rate. 

lfor- 6. A chronometer was fast i m 29* on mean time at Greenwich, July ist, and on 
July 33rd was/** i* 5*9 on mean time at Greenwich : find daily rate. 

l&r. 7. A chronometer was/«* 48* on mean time at Greenwioh, February 28th, and on 
Jfarch 15th was slow 48* on mean time at Greenwich : find daily rate. 

Tfar- 8. A chronometer was slow 20* on mean time at Greenwich, September ist, and on 
September 15th was/oa* i m 18* on mean time at Greenwich : iind daily rate. 
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295. To find the accumulated rate proceed thus : — 

Examples. 



Ex. 1. If a chronometer gains 2*6 in a 
day, what will it gain in 32* i6 h P 



X2 1 



2"*6 
3» 

5* 

'3 

4 



6,0 I 8,4-9 



i m 24 § "9 



or, i m 25 i 

Explanation.— Multiply the decimal v6 by the 
number of whole days, namely, 3a. Next consider 
that 12 hours is the ft of 1 day, and 4 hour* is the J 
of 12 hours, 12 and 4 make up the whole number or 
hours, namely, 16. Divide 2*6 by 2 and the quotient 
1 3 ty 3 C 866 example). Add the products and 
quotients together; its sum is 84**9 = ia M m '9\ tU1 ^ 
observe that the decimal is rejected, and since it ia 
above *s, therefore 1 is added to the seconds. 



I 



Ex. 2. If a chronometer loses o a, 4 in a 
day, what will be the accumulated loss in 
12* 9 h 34 m ? 

i2 d 9 1 * 34 m may be reckoned as 8 d 9* yp 



6* 



3 
30" 



i 



9 i# 4 
12 



112S 

*3 
1 1 

2 



6,0 I n,6'4 



i m 56**4 

or, i m s& 

Explanation. — Multiply by 12 ; then 6 hours is J 
of 1 day, and 3 hours £ of 6 noun, and 30 minutes is 
i-6th of 3 hours. Divide the daily rate, or* by 4, 
which will give 2*3, the proportional part of rate in 
6 hours (| of a day) ; next, divide 2-3 by 2, which 
gives the rate for 3 hours (l of 6 hours) ; again, divide 
i*i by 6, which gives the change for 30 minutes 
(i-6th of 3 hours) ; then, add the product and several 
quotients together, the result is the accumulated 
rate for the interval. 



296. The accumulated rate may also be found by decimals ; thus : — 

EULB XOHT. 

i°. Affix two cyphers to the hours, and divide the remit by 6 and the quotient 
by 4, (i.e., divide by 24) ; the tot quotient ie the houre expressed as decimals of a 
day. (See Bule XVIII, page 44). 

2 . Multiply the days and decimals of a day by the seconds and decimals of 
a second (if any) for the daily rate ; the product is the accumulated rate. 

Examples. 



Ex. 1. A chronometer gains 2**6 in a 
day ; what does it gain in 32* i6 h P 

6) 1 6- 00 



Prefixing the days \ 

to the decimals of > 

a day. ) 



(6)i6< 

*4? 

• 4K66 



Ex. 2. If a chronometer loses 9^4 in a 
day, what is its loss in i2 d 9 h 34" = i2 d io* 
(nearly) ? 



. . 32*66 
26 

*9S9 6 
653* 

6,0)8,4*916 



24 



( 6)*° 



1- 24-9 



Prefixing the days \ 

to the decimals of > 

a day. ) 



4)1-66 

. 12*41 
9'4 

4964 
1 1 169 



6,0)11,6654 

or i m 57" 

The result obtained by this rule in these ATawip*^ 
is a little more than by the previous one of aliquot 
parts, as we have taken o> 34- as ic> in this, while 
in the other it was reckoned: 9^ 30*. 
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. 297. Before going to sea, the error of the chronometer on Greenwich 
mean time, and its daily rate, are supposed to have been accurately deter- 
mined, either at an observatory by means of daily comparison with an 
astronomical clock, or by observations taken by a sextant at a place whose 
longitude is known. 

298. When the error of a chronometer on Greenwich mean time, and 
also its daily rate, are known, we may determine Greenwich mean time at 
some other instant, as when an observation is taken, by the following : — 

RULE XOTV. 

i°. To the time by chronometer apply the original error, adding it if the 
chronometer was slow, rejecting 24* if greater than 24 1 *, and putting the day one 
forward; but if the chronometer is fast, subtract original error, increasing time 
shown by chronometer by 24**, if necessary, and putting the day one back. 

2 . Find the number of days and parts of a day, to the nearest hour, elapsed 
since the original error was ascertained. 

3 . Multiply the daily rate of chronometer by the elapsed time, and add thereto 
the proportionate part for the fraction of a day, found by proportion or otherwise ; 
the result is the accumulated rate in the interval. 

4 . To the result found by i°, add the accumulated rate, if chronometer is losing ; 
but subtract if gaining ; the result will be mean time at Greenwich, at the 
instant of observation. 

Examples. 

« 

Ex. 1. 1876, Jan. 30th, p.m. at ship, time by a chronometer, Jan. 29* 15 11 47™ 48*3, which 
was 9» 19*6 slow for Greenwich mean time Dec. ist, 1875, an< * on January 1st, 1876, was 
io" 24*-7 slow on Greenwich mean time. 



1875, Dec. isb slow 

1876, Jan. itt slow 


9 m i9 ,# 6 
10 24*7 


Deo. 31* 
Deo. 1 


irror in 31 days = 


1 51 
60 


t 3 ° 
Jan. 1 




31)65*1(2*1 losing 
62 


Int. 31* 




3i 
3i 





The chronometer being slow and the error increasing, the rate must be marked losing. 

"Daily rate 



Time by ohron., Jan. 29 d i5 h 47 ra 48 -, 3 
Original error + IO a 4'7 Interral from 

January 1st 



Jan. 29 15 58 13*0 
Accumulated rate + 1 o*i 



Greenwich date, Jan. 29 15 59 13*1 



to January 
29th 15* 58 1 * 
is 28* 16^ 
nearly. 



h 
12 

4 



1 



28 

168 

42 

5*» 
i*o 

3 



6,0)6,0*1 
(.Aoo. rate i B o»** 



264 



Oreenmch Date by Chronometer. 



Ex. 2. 1876, March 20th, p.m. at Bhip, an observation was made whan the time by 
chronometer was March 2o d o b 7 m 55% which was 50™ 51" fast on Greenwich mean time, 
November 22nd, 1875, and on December 21st, 1875, was f**t4ff m 33"' 8 for mean noon at 
Greenwich : required the Greenwich date by chronometer. 

November 22nd, chron. /art $o m $i* m o Nov. 30* 

December 21st, fast 47 33-8 Nov. 22 



Change of rate in 29* 



8 
Dec. 21 

Int. 20* 



= 3 i7" 2 
60 

29) 1 97 '2 (6' 8 losing 
174 

232 
232 



The ohronometer is fast and the error decreasing, the rate is therefore losing. 



Time by chron. March 20* o h 7 m 55 , 
Original error 



Dec. 



3* 
21 



fBate 



or 19 24 7 55 
— 47 33*8 



Accumulated rate 



23 20 21*2 

+ 10 ii'7 



10 
Jan. 31 
Feb. 29 
March 19 23 



< 



Greenwich date, March 19 23 30 32*9 Intr. 89 23 

In finding accumulated rate, as the interval is within half 
an hour of 90 days (23^), we might have multiplied by 90 and 
deducted i-48th (J h is i-48th of a day) from the daily rate. 



h 
12 

8 

3 



6-8 
*9 

612 

544 

6052 

3*4 

2*3 

•8 



6,o)6t,i-7 
Ace. rate 10 11*7 



Ex. 3. Time by a chronometer, Sept. 7 d 23** i6 m 28% which was 57 m 47^ slow on Green- 
wich mean time, June 30th, and on July 12th, was $6 m 53 s slow on mean time at Greenwich. 



June 30th, chron. slow 57 m 47" 
July 12th, „ slow 56 53 



Change in rate in 12 days = 54 
Daily rate 



45 9*****9- 



June 30* 
30 

o 
July 12 

Int i2 d 



In this instance the ohronometer is slow and the error decreasing, the rate 4**5 is therefore 
to be marked gaining. 



Time by chron. Sept. 
Original error 

Sept. 
Accumulated rate 



7 d 23 h i6 m 28 t 
+ 56 53' 

8 o 13 21 
— 4 21 



Greenwich date, Sept. 8090 



July 



Aug. 
Sept. 



3' 
12 

'9 

3' 
8 



fBate 



Int. 58 



4-5 

Jl 
360 
"5 



6,0)26,1*0 
k Aoc. rate 4 21*0 



EXAMPLB8 FOB PRACTICE. 



Ex. 1. 1876, February 16th, a.m. at ship, an observation was taken, when the corres- 
ponding time by a ohronometer was Feb. i6 d 8 h 59™ 25% which was i h 20™ 231*4 fast on 
Greenwich mean time, December 1st, 1875, •nd on January 23rd, 1876, was i h 14™ lyftsi 
on Greenwich mean time : required the Greenwich date by chronometer. 

Ex. 2. A chronometer showed April 29 d 5 1 * o* o», which was/<u£ 33*° 3o»*3 on Greenwich 
mean time, March 19th, and on March 26th was 34™ 20* fast for mean time at Greenwich: 
required the Greenwich date by chronometer. 



Greenwich Date by Chronometer. 265 



Ex. 3. A chronometer showed May 7 d 6 h 9™ 48% which was slow u m 9**4 on Greenwich 
mean time, February 16th, and on February 26th was n m 41**6 slow for Greenwich mean 
time : required the Greenwich date by chronometer. 

Ex. 4 The chronometer showed June 25 d n h 29** 1 53% which was y&* 12* fast on Green- 
wich mean time, March 31st, and on April 15th, was 30 m 45* fatt, for mean time at Green- 
wich : required the Greenwich date by chronometer. 

Ex. 5. 187*, October 25th, p.m. at ship, time by chronometer Oct. 25* 8 h 31™ 10*, which 
was i2 m 9*2 slow on Greenwich mean time, July 20th, and on August 13th was io™ 2« slow 
for Greenwich mean time : required the Greenwich date by chronometer. 

Ex. 6. Time by chronometer January i9 d i3 h n m 25 s , which was 53*" 4.7* fast on mean 
time at Greenwich, October 24th, and on October 31st was 53°- 19* fast for mean time at 
Greenwich : required the Greenwich date by chronometer. 

Ex. 7. Time by chronometer November 8 d i6 h 2 m 3% which was 33 m o* slow on mean 
time at Greenwich, July 31st, and on August 12th was 32 111 2**4 slow on mean time at 
Greenwich. 

Ex. 8. Time by chronometer August i d & 1 3 m o*, which was 6 m 4 s fast on mean noon at 
Greenwich, May 31st, and on June 14th was 4*" 2 •2/0^ for Greenwich mean time. 

' Ex. 9. Time by chronometer May i d 13 11 23 m 10% chronometer slow 3 m 23 1 on mean time 
at Greenwich, February 2nd, and on February 28th was 3 m 49**0 slow on Greenwich mean 
time. 

Ex. 10. Time by chronometer January 2o d o h 4 m 21*, which was 20* fast on mean time 
at Greenwich, November 2olh, 1875, and on December 10th, 1875, was 4° /a** on mean time 
at Greenwich : required the Greenwich date by chronometer. 

Ex. 11. Time by chronometer September 27 d i6 h 34°* 31% which was o m 20* /art on mean 
time atXtreenwich, April 19th, and on May 9th was o m 18* slow for Greenwich mean time : 
required the Greenwich date by chronometer. 

Ex. 12. Time by chronometer April i6 d $ h 3<> m 12 s , which was i m 2* slow for mean time 
at Greenwich, January 24th, and on February 28th was 29* fast for Greenwich mean time. 

299 When the "chronometer question" is given in a form similar to 
that below, we have to determine for ourselves the day of the month at 
Greenwich, that is, if the time shown by chronometer was i h , 2 h , 3* 1 , &c, 
on the civil or on the astronomical day ; for, a frequent source of embarrass- 
ment in interpreting the indications of a chronometer arises from the division 
of its face into twelve instead of twenty-four parts, so that the same 
position of the pointer represents two periods of the day twelve hours 
distant. Thus, at z h past noon, and again at 14 1 * past noon the hands are 
in the same place, and it is necessary to determine whether it should be read 
as2 h or 14 1 *, 5* 1 or 17 1 *, 6 h or i8 h past noon, and so on. To determine this 
point proceed according to this rule : — 

EXJLE XOV. 

i°. Get an approximate Greenwich date by means of ship mean time nearly and 
&e longitude by account (Eule LXXXI, page 222). 

2 . Proceed, as directed in Eule XCTV, page 263, to apply the original error 
**d accumulated rate to the time by chronometer. ' 

If the difference between Great Hch dates thus found by the two methods, is nearly i2 b , 
then the Greenwich date by chronometer found as above, must be increased by n b , and the 
by put one back, bo as to make the two dates agree both in the day and hour nearly. 
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To Find the Hour-angle. 



Examples. 

Ex. i. August 3rd, at about 3 b p.m., longitude by acct. 75 W., the chronometer marks 
gh x (m ^ an( | j 8 5m 10* fast on Greenwich mean time : what is the Greenwich astronomical 
dateP 



Approx. T. at ship, Aug. 3 d 3 h o m 
Longitude 75 W. + 5 ° 



Time by chron. 8 h 1 i m 7* 

Error of chron./arf — 6 10 



Approx. Green, date, Aug. 380 | Green, date, Aug. 3rd 8 4 57 

In this example the approximate Greenwich time is 8 h , it is evident that the chronometer 
must have shown 8 h from noon also. 

Ex. 2. June 18th, at io h 52" p.m., mean time at ship nearly, long. 6o° W., an observa- 
tion was taken, when a chronometer showed 2 h 48" 40*, on June 6th its error was known 
to be 3 m i&'i fast on Greenwich mean time, and its mean daily rate 3**5 gaming : required 
the mean time at Greenwich when the observation was taken. 



Approx. Ship date June 
Longitude 6o° W. 

Approx. Green, date 



i8 d io h 52 m Interval from f Daily rate 3 i# 5 
•4-40 June 6th to 12 



18 14 52 



June 6th to 
June 1 8th 

i2 d i4 h 52™ 

= I2 d I5 h 

nearly. 



12 ! 

3 1* 
lAoc. rate 



42*0 

'4 
44'i 



Chronometer showed 
Original error 

Accumulated rate 



2 b 48 na 4o« 

— 3 lo'ifast 

2 45 2Q'8 
— 44- 1 gaining. 



June i9 d 2 44 45-7 a.m. 
— 12 o o 



. ' . Green, date, June 18 14 44 45*7 

In this instance we see that 2 h by the chronometer must be reckoned as i4\ that is, ia h 
must be added to the indication of chronometer, and the day put one back. 



TO FIND THE HOUR-ANGLE. 



Given the true altitude of an object, its declination, and the latitude of the 
observer, to find the meridian distance or hour- angle. 

RULE XCVI. 

i°. Find the polar distance by Rule LXXXV, page 231.5 
2 . Add together the true altitude, latitude, and polar distance ; take half their 
sum, and from the half sum subtract the true altitude, which call the remainder, 

3 . Add together the secant of latitude, cosecant of polar distance, cosine of half 
sum, and sine of remainder; the sum of these logs, {rejecting 10 from the index), 
will be the log. of sun's hour-angle (Table 3 1, Norie) ; or sine square of sun' s hour- 
angle (Table 69, Raper). 

When the polar distance exceeds 90% take out the secant of reduced declination ; of sub- 
tract the polar distance from 180 , and take the cosecant of the remainder. (See Rules XL 
and LXI, pages 76 — 77.) 
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To Find the Hour-angle. 
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(a.) When both the latitude and declination are 0, take the true altitude from 
90 , and to get the zenith distance, which convert into time by Rule LXXIX, 
page 220, or by Table 19, Norie, or Table 17, Raper; the result is the 
hour-angle. 

The hour-angle can also be found without a special table, as follows : — Find the sum of 
the four logs, as above, and divide by 2 : the result is the log. sine of half the hour-angle in 
are. From the Table of log. sines find the arc corresponding thereto, which multiplied by 2, 
and converted into time (Rule LXXIX, page 220), is the hour-angle sought. It is thus 
evident that the complete solution may be obtained by means of the Table of log. sines, &o., 
stone. 

EZAMFLBS. 



Ex. 1. Given the true alt. 35° 23' 41% 
lat 31° 17' N., decl. 17° 9' 8" 8., whence 
poL dist. 107 9' 8* : find the hour-angle. 

Altitude 25° 23' 41" 

Latitude 31 17 o sec. 0*068232 

Polar dist. 107 9 8 cosec. 0*019758 

2)163 49 49 

81 54 54 cos. 9-148115 

56 31 13 sine 9*921208 

Hour-angle = 2 h 58 n, II• log. 9*15731,3 

*57*4 

7 = i- 

Not*.— In None, Table XXXI, the next less log. 
to 15731 is 1572^ which gives 2 h 58" io% and diif. 7 
gJTtB v to add, whence the term corresponding to 
9""573i is 2* 58" ii«. 



The pol. dist. being greater than 90% 
take the secant of decl. for the cosec. of 
pol. dist., and add the prop, part for 8*. 

107 9' o* cosec. 0-019753 Diflf. 65 
Farts for 8 + • 5 8 

107 9' 8* cosec. 0*019758 5,20 

Observation.— Always cut off two figures when 
working for seconds of arc. 

8i° 54' o* cos. 9*148915 Diflf. 148 1 
Parts for 54 — 800 54 



8l °54 54* 008.9-148115 



56°3i' ° 
Parts for 13 



sine 9*921190 
+ 18 



56° 31' 13" sine 9*921208 



59*4 
7405 

799-74. 
Diff. 139 

4H 
139 



18,07 



Ex. 2. Given the true altitude 1 7 1 6' 1 2", 
latitude 50* 42' 8., reduced declination 
20 9 6' 17* S. (when polar dist. is 69 53' 43"): 
find the hour-angle. 

Altitude 1 7 16' 12* 

l ati t ude 50 42 o sec. 0-198335 

Polar dist. 69 53 43 cosec. 0-027304 



Sum 137 


5' 


55 


Half ram 68 


55 


57 


Jium— alt. 5 1 


39 


45 



cos. 



sine 



9'55566o 

9-894521. 

967582,0 
79 

i"=3 

In Norie, Table 31, we seek for the nearest log. 
t° 9*^7532, the nearest to which is 9*67579, whioh 
wrrespond* to 5 b 48** 5" ; then in column prop, part we 
wk for 3, which gives l» to add, whence hour-angle 

fc5 b 48"*o-- 



floor-angle 5 b 48 131 6 a log. 



Ex. 3. Given the true altitude 1 3* 28' 42*, 
latitude io 9 35' 8., reduced declination 
a 3° 2 3' 54* N. (or polar distance 1 13 23' 54*): 
find the hour-angle. 

Altitude i3°28'42* 
Latitude 10 35 o 
Polar dist. 113 23 54 



sec. 
cosec. 



0-007451 
0-037268 



Sum 



137 27 36 



Halfhum 68 43 48 cos. 



9*559 6a 3 
sine 9*914694 

h>g. 9"5 I 9°3.6 
898 

i- = 6 

The nearest log. to 9-51904 is 9*51898, which gives 
4 fa 40" 40*, the diff. 6 found at right hand in prop, 
parts giyw i», whanoe hour-angle in 4* 40* 41*. 



J sum — alt. 55 15 6 
Hour-angle 4 h 40 m 41 • 
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Ex. 4. Latitude o°, declination o°, true , Ex. 5. Given true altitude 75 , latitude 

altitude 30° : required the hour-angle. I o°, declination o° : find the hour angle. 

True altitude 30 o' True altitude 75 o' 

90 o ' 90 o 

Zenith distance 60 o Zenith distance 15 o 



4 



6,0)34,0 o 



4 



6,0)6,0 



Hour-angle 4 h o m c* 1 Hour-angle i*&*& 

EZAMPLS8 FOB PRACTICE. 



/4 




Required 


the hour-angle 


.or meridian distance in 

* 


each of the following 






< J-<*/i t< "* '■ examples. : — 














1 


• 




5*' I. 


True altitude, 


u°ai' 39' 


Latitude 


30° 15' 8. 


Declination 


i 5 °3i' 4'N.- 


-V 


Xi 


7. *• 


"2- a. 


»* 




30 1 4 


>9 


39 2 7 8. 


» 


5 48 33 N. - 


z. 


s% 


// Jv 


» i 3. 


» 




27 48 33 


1» 


40 10 N. 


»» 


33 36 44 N. 


- V 


J 




4- 


>» 




34 49 46 


t» 


39 30 S. 


i» 


31 15 78.- 


V 


1 




5. 


»» 




»5 3 8 " 


>1 


39 N. 


it 


33 1 55 N - " 


y 


I 




6. 


» 




'5 59 '3 


» 


60 5 N. 


99 


7 *5 38 8- - 


2 


I 




7- 


» 




39 3 37 


»1 





99 


000 


V 


1 




8. 


» 




2 °34 4 


1! 





99 


33 37 31 N. ' 


. V 


> 




9- 


» 




37 40 


»> 





99 


000 


3 


X 

i 



LONGITUDE BY CHRONOMETER, 

FB0M AN OBSERVED ALTITUDE OF THE SUN. 



rule xcvn. 

i°. To the time by Chronometer apply ite original error and accumulated rate, 
as directed in Hide XCIY ; the result is the Greenwich date at the instant of 
observation. 

2 . Take out of Nautical Almanac, page II, the sun's declination and the 
equation of time for the noon of Greenwich date, and the corresponding hourly 
difference for each : also take out the sun's semi-diameter. 

3 . Reduce the sun's declination and equation of time to the Greenwich time 
(Rules TrreXTT and LXXXVI) ; oho find the polar distance (Rule LXXXV). 

4 . Correct observed altitude for index error, dip, correction in altitude, and 
semi-diameter, and thus get the true altitude. (Rule LXXX VJJL). 

5 . Find the hour-angle or meridian distance by Rule XCVL* 

6°. When the observation is made in the afternoon, the hour-angle is apparent 
time past noon of the given day at ship — before which write the date at ship, but if 
the observation is made in the morning, take the hour-angle from 24*, the remainder 
is apparent time at ship reckoned from noon of the preceding day, the time at place 
in both instances being expressed in astronomical time. 

• In finding longitude by chronometer the logs, used in finding the hour-angle are 
required to be taken out for aeconda of arc. 



Longitude by Chronometer. 
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Examples. 



Ex. 1. January 6th, p.m. at ship ; sup- 
pose the son's hour-angle to be 3 h 40™ i8 B : 
what is the apparent time at ship ? 

Here the time being p.m., we have the 
■hip date app. time, January 6 d 3 h 40° 18*. 



Ex. 2. January 6th, ajk. at ship ; sup- 
pose the sun's hour-angle to be 3 h 40™ i8» : 
what is the apparent time at ship P 

Here the Hour-angle is 3 h 40" 18* 

24 o o 



Ship date app. T., Jan. 5th - 20 19 42 



Ex. 3. June ist, p.m. at ship ; suppose 
the hour-angle to be 3 h 54 m 39* : required 
the apparent time at ship. 

Here the time being p.m., we have the 
app. T. at ship, June i d 3 h 54™ 39*. 



* 
Ex. 4. June ist, a.m. at ship ; suppose 
the hour-angle to be 3 11 C4 m 39 § : what is 
the apparent time at ship r • 

Hour-angle 3 h $4 m 39* 

24 o o 



App. T. at ship, May 31st 20 521 



On comparing these examples with paragraph 6°, which they are intended to illustrate, 
the teamen will have no difficulty in understanding that, since the sun's Hour-angle is the 
Distance (in time) of the object from the meridian, if the observation is made in the afternoon 
(p.m.), as in Ex. 1, the time will be 3 h 40™ io* past noon of the 5th day; that is, the ship 
date (astronomical time) is January 6 d 3 h 40™ lo« — the astronomical day commences always 
at noon ; but if the observation be made in the morning (a.m.), the hour-angle will be the 
time before noon of the 6th day ; or, as. shown in Ex. 2, 20 h 19™ 42 s past noon of the day before, 
—that is, January 5 d 20* 19™ 42". In Ex. 3, similarly, the observation being p.m., the time 
will be 3 h 54™ 39" past noon of June ist, while in Ef . 4, the observation being a.m., the time 
*iU b* 3 h 54 m 39* before noon of June ist, i.e., 20* 5 m 21 s past noon, May 31st. 

In the new edition of Norie's Tables the hour-angle is so arranged that when the obser- 
vation is made p.m. at ship it is read from the top of the page ; when a.m. from the bottom ; 
in which case the necessity of deducting from 2A h (as explained in paragraph 6°) is obviated. 

7 . lb apparent time apply the reduced equation of time, adding or subtracting 
as directed in page I, Nautical Almanac, and so yet mean time. 

8°. Under ship mean time put Greenwich mean time — not forgetting the day 
in each case : — subtract the less from the greater ; the remainder is longitude in 
time, which convert into arc ° ' " ; see Kale LXXX, or Table 1 7, Baper, or Table 
19, Norie. 

In taking the difference of Greenwich mean time and ship mean time, if the days of the 
month be different, it will be necessary to add 24 to the hours of the more advanced (that is 
the one whose days are most), in order to enable the subtraction to be made. ' 

9 . Call the longitude West when Greenwich time is greater than ship mean 
time; but East when Greenwich mean time is least. 

Notb. — When the latitude at noon is given, the latitude in at the time of observation 
mutt be found by means of the course steered and distance sailed. The diff. of lat. from noon 
is to be named North and South, according as the ship at the time of observation is north or 
sooth of her latitude at noon. When the longitude is found as in examples 1 to 10 
(or according to paragraph No. 8° and 9 , page 269), the diff. of long, between the ship at 
the time of observation and noon must be applied to find the longitude at noon. The diff. 
of long, ii to be named East or West, according as the ship is east or west of its position at 
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Longitude by Chronometer. 
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Examples. 

Ex. 1. 1876, January nth, p.m. at ship, latitude 49° 30' N., the observed altitude sun's 
l.l. was 12 20' 30*, height of eye 18 feet, time by a chronometer January n d 6 h 44 m 36 1 
(being p.m. at Greenwich), which was 6 m 8"3 fast for meaD noon at Greenwich, September 
1st, 1875, tuul on September 30th, 1875, was 8 m 42" fast on Greenwich mean time; required 
the longitude by chronometer. 

September ist, chronometer fast 6 m 8**3 
30th, „ fast 8 42*0 

Change in 29 days 2 33-7 



T. by chron,, Jan. n d 6 h 44 m 36" 
Original error 

Accumulated rate 
Green, date, Jan. 



= 


8 


4» 


II 


6 35 54 
9 7 


II 


6 26 


47 



(a) The chronometer having bean rated 
September 30th, there are no days left in 
September. 



Deol. page II, N.A. 
nth noon 2i°5i'58*B. deer. 
Correction — 2 29 



(a) Interval from 
Oct. istto Jan. nth 
6J h is 103 d 6 h . 

Daily rate 5^3 

103 

'59 

J30 

6 I i ( 545*9 
•1 

6,o)54>7'3 
Ace. rate 9 7*3 



2 9) I 537(5-3 

ObB. alt. ©'a ljm 12° 20' 30* 



— 44 



Dip 

Corr. alt 

Semi-diameter 
True alt. 



By Baper's Tables ; dip — 
4' 10*, refr. — 4' 23-, par. + 
9', semid. + 16' 18*, and true 
alt. 12° 28' 24*. 



12 


16 26 

4 9 


12 

+ 


12 17 
16 18 


12 


28 35 



H.D. 

*3'i4 
6'45 



Eq. T. page II, N.A. H.D. 

nth noon 8 2*4 iner. '992 



Bed. decl. 21 49 29 S. 



Polar dist in 49 29 



1 1570 
9256 
13884 

6*>)i4,9'*53° 



Correction 
Bed. Eq. T. 



+ 64 
8 8*8 



To be added to A.T. 



645 

4960 
3968 

595a 
6*39840 



Altitude 1 2 28' 35* 
Latitude 49 30 o 
Polar dist. in 49 29 



173 


48 


4 


86 


54 


2 


74 *5 


27 



Corr. — 2 29 

sec. 0*187456 
cosec. 0*032299 



cos. 8*732949 
sine 9'9 8 375* 



App. T. at ship Jan. 
Eq. T. 

M.T. ship Jan. 
M.T. Green. Jan. 



n d 2 h i6 m 45* 
+ 8 9 

11 2 24 54 

n 6 26" 47 



Hour-angle 2 h I6 ,n 45• log. 8*936455 



Long, in time 4 1 53 

* Longitude 6o° 28' 15" W. 

By Baper: log. sin. sq. (sum of logs.) 

8*936693 gives hour-angle 2 h i6 m 47", long. 

6o° 27^45' W. 



Ex. 2. 1876, May 20th, p.m. at ship, latitude 50° 43' N., obs. alt. sun's l.l. 17 10', index 
corr. — 1' 50*, height of eye 28 feet, time by a chronometer May 20 d o h i9 m .53* (or o* 1 i$ m S3>* 
p.m.), which was 33 s fast on mean noon at Greenwich, March 20th, and on April ist, was 
2j*' 4 fast on Greenwich mean time. 

March 20th chronometer fast o m 33* 

April ist „ fast o 23*4 * 



Change in 12 days 
Daily rate 



12) 9*6 



o*8 losing 



Longitude by Chronometer. 



Z71 



T. by chronometer May 20* o* i^ m sV 
Original error fast 



Accumulated rate 
Green, date, May 



~ 234 

o 19 29 6 
+ 39* 

20 o 20 9 



Interval from 
April 1 st to May 
20th is 49 d . 

Rate 0*8 

Interval X 49 

Ace. Rate 39-2 



Obi. alt. 0's lj.. i7 e 10' o* 
Index corr. — 1 50 

Dip 

Corr. alt. 



By Raper : dip — 5' io*, refr. — 3' 9% par. 
— 8 , semid. + 15' 5o"> tru< 



true alt. ^7° 15' 49". 



H. diff. + 30*80 

20™ I |* I 30*80 



H. diff. 



True alt. 



ao » J p| 



Correction -4-10-27 

Decl 20th, noon 20 6 52 



Red. decl. 



20 7 2 
90 



Correction 

Eq. T., 20th, noon 



Red. eq. time 3 41*04 

(To be subtracted from A.T.) 





17 


8 
5 


10 
5 




17 


3 

2 


5 
55 


ne 


17 
ter + 


10 
'J 5© 




' 17 
■ o«*i48 


16 







0*148 




3" 


■ '049 
4 I§ '°9 





Polar diet. 

Altitude 17° 16' 
Latitude 50 43 
Polar dist 69 52 

137 5i 


0' 
• 

58 
58 


69 5» 

8GC. 

cosec. 


58 

0*198489 
0-027339 


App. T. Ship, May' 20th 
Eq. Time 

Mean T. Ship, May 20th 
Mean T. Green., May 20th 


5 b 


48 m ia« 

3 4i 


5 



44 3i 
20 9 


Half ram alt 68 55 


59 


COS. 


9*555*49 


Long, in time 


5 


24 22 


5' 39 


59 


sin. 


9*894544 


Longitude 

T*i **^*i T • 


8i° 


5' &] 



Hour-angle 5 h 48° 12* log. 9*676021 



By Raper : Log. sine aq. (sum of logB.) 

C'76062 gives Hour -angle 5 h 48™ 13% 
ngitude 8i° 5' 45* E. 




3. 1876, July 3rd, a.m. at ship, latitude 32 10' S., obs. alt. sun's l.l. 14 10' 15% 
index corr. + 1' 22*, height of eye 19 feet, time by a chronometer July 2 d i6 h 33™ 22* (being 
3 d 4 k 33 m 22" a.m. at Greenwich), which was i7 m 16**4 /<*** f° r Greenwich mean noon May 
1 6th, and on June ist was i6 m 22* fast for mean time at Greenwich : required the longitude. 

May 1 6th, Chronometer fast 17** 16**4 
June ist, „ fast 16 22*0 



Change in 16 days 



54'4 



T. by chron., July 
Original error 



Accumulated rate 
Green, date, July 



Daily rate 

2 d i6 h 33 m 22* Interval from 

June ist to July 
2nd, i6 h , is3i d i6 h . 
Daily rate 3**4 
Interval 31 



— 16 22 



2 16 17 o 

+ 1 48 



2 16 18 48 



34 
102 

12 I a 1 ,054 

4 1 i I '7 
6 



y4 losing. 

Obs. alt. 0's l.l. 14 10' 15* 
Index corr. + 1 22 

Dip 

Corr. alt. 



6,0)107*7 
Ace. rate 1 47*7 



Semi-diameter 
True alt. 



14 


11 37 
4 « 


14 


7 26 
3 35 


14 

+ 


3 5' 
15 46 



H 19 37 



By Raper: index corr + 
1' 22", dip — 4' 15*, ref. — 
3' 47', pw. + 8% semid. + 
15' 46*, true all 14" 19' 29*. 
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Decl. page II, N.A. H.D. 

2nd, noon 23 o*45*N. Beer. — 11 -66 



Correction — 3 10 



Bed. decl. 22 57 35 N. 
90 



Polar dist. 112 57 35 



14° 19' 37' 



Altitude 

Latitude 32 10 o 

Polar dist. 112 57 35 



+ '6- 3 

349 8 
6996 

1 166 
6,0)19,0-058 
Corr. — 3 10 



sec. 0*072371 
cosec. 0*035844 



Eq. T. page II, N.A. 
2nd. noon add 3 m 48 s -4 
Correction 4" 7*5 



Red. eq. time 3 55*9 
(Tobeo4ferftoA.T.) 



H.D. 

+ 0*463 
X 163 

1389 

2778 

463 



Corr. + 7.5469 



Hour-angle 



3 h 37 m 6« 
24 



159 2 7 


12 


79 43 


36 


65 23 59 



cos. 9*251260 
sin. 9*958676 
Hour-angle 3 b 37™ 6" log. 9*318151 



App. T. ship, July 2nd 
Eq. T. 

Mean time Ship, July 2nd 
Mean time Green., July and 

Longitude in time 



20 

+ 


22 54 

3 56 


20 

16 


26 50 
18 48 


4 


8 2 



Longitude 62 o' 30' E. 

By Baper: Log. sin. sq. 9*318201 gives 

I Hour-angle 3 h 37 m 6% longitude 62 o' 30* E. 

In this example the time of observation is a.m. at ship, the hour-angle is therefore the time before noon of 
July 3rd, and as all calculations are made in the astronomical day, we take the hour-angle from 24S the 
remainder is A.T. at ship, reckoned from noon of the preceding day, vix., that of July 2nd. (See Rule 
XCVII, page 269.) 

Ex. 4. 1876, April 14th, a.m. at ship, latitude 52 10' N., observed altitude sun's l.l. 
1 8° 20' 25', index corr. + 55*, height of eye 12 feet, time by chron. i4 d 5 h 5 m 5* (being f.m. 
at Greenwich), which was fast 5™ 52**4 for mean noon at Greenwich, February 14th, and on 
February 26th was /art 6 m 38 s for mean noon at Greenwich. 

T. by chron., Ap. 14 11 5 h 5 m 5* Interval from 

Original error — 638 

14 4 58 27 
Accumulated rate — 33 



Obs. alt. Q's l.l. 1 8° 20' 25* 



Green, date, April 14 4 55 24 

By Baper: Index corr. -*- $$", 
Dip — 3 20*, refr. — 1 $5*> I» r - 
+ 8*, semid. + 15' 58*, true alt. 
i8°3i' 11'. 

Decl., page II, N.A. 
Ap. 14th, noon 9°38' i2*N. iner. 
Correction -\- 4 23 

Bed. decl. 



Feb. 26th, to April 
14IJ1 5 h , is 48* 5 h . 
Bate 3*"8 
Interval 48 




Index corr. 
Dip 


+ 55 

18 21 20 
— 3 19 


4 
1 


i 


182*4 

•6 

• * 




Corr. alt. 
Semid. 


18 18 1 

— 2 42 


6,0 


1 


18 15 19 

+ '5 58 


)i8, 3 *i 


3 3*i 




True alt. 


18 31 17 


H.D. 

+ 53*73 
X 49 


1 


Eq. T., page TE, N.A. 
14th, noon, <uftio m 8*'52 deer. 
Correction — 3*07 


H.D. 

0*627 

X 4*9 



9 42 35 N - 



Polar dist. 

Altitude 
Latitude 
Polar dist. 



80 17 25 

i8°3i' 17* 
52 10 o 
80 17 25 

150 58 42 

75 29 21 

56 58 4 



6,0)26,3*277 Red. Eq. T. o 5-45 

(To be added to A.T.) 

+ 4 23 oorr. 

App. T. ship, April 
Eq. time 



•0723 



sec. 0.212280 
cosec. 0*006267 



cos. 9*398917 
sine 9923432 



Mean T. ship, April 
Mean T. Green., April 

Longitude in time 

Longitude 



13* 19b 1 1» 3» 

+ 5 

13 19 11 8 

14 4 55 24 

9 44 16 
146 4' o*W. 



Hour-angle ' 4 h 48 m 57» 
24 



log- 9'54°89 6 



By Baper: Log. sine sq. 9*540927 gives 
Hour-angle 4 h 48™ 57*. Long. 146 4 o* \V. 



A,TA^i3 d i9 iz 3 



by Chronometer. 



2 73 



11m observation haying been made a.m. at ship, the hour-angle is the time hefore noon at ahip, vis., April 
14 4 ; therefore take the hour-angle from 24*, and the remainder is apparent time at ship reckoned from the 
noon preceding, vis., April 13 d . The mean time at Greenwich is in advance of mean time at ship, therefore 
subtract the latter from the former (borrowing 24* to enable the subtraction to be made). 



Ex. 5. 1876, March 6th, p.m. at ship, latitude 40 20' S., obs. alt. sun's l.l. i6°2o', index 
carr. + 30*, height of eye 18 feet, time by a chronometer 5 d 2o h io m , (being 6 d 8 h io™ a.m. 
at Greenwich), which was 6 K 14" fast for mean noon at Greenwich, January 30th, and on 
February 13th was fast 4™ 29" for mean time at Greenwich. 



January 30th, chronometer fast 6 m 14* 
Feb. 13th, „ fast 4 29 



Change in 14 days. 



» 45 



* 45 
60 

14)105(7*5 
98 



70 
70 



T. bychzon. March 5* 20*1 o™ o» 
Original error — 4 29 



Interval from Feb. Obs. alt. Q's l.l. 16*20' o* 
13th to Mar. 5th, 20 b Index oorr. 

is 2I d 20 h . 



Accumulated rate 



5 »° 5 3i 
+ 2 44 



Hate 



12 
8 



Green, date March 5 20 8 15 

By Baper: Index oorr. + 30*, 
dip — 4' 10*, refr. 3' 1 8", par. + 8", 
semid.4- 16' 9% true alt. 16*29' 19*. 



Bed., page II, N.A. H.D. 

6ih noon, 5 24' 35*8. — 58-23 

Correction + 3 45 3' 8 7 



lil 



7 § '5 
21 

'57*5 
3'7 
*"5 



6,0)16,37 
. *2 437 



Dip 

Corr. alt. 

Semid. 
True alt. 



+ 


30 


16 


20 30 

4 4 


16 


16 26 
3 5 


16 

+ 


13 « 
16 9 



Balded. 
Polar diet. 



5 28 20 8. 6,0)22,5-3501 



84 31 40 Oorr + 3 45 



„ Eq. time, page II, N.A. 
6th noon + n m 20»-4 

Correction + 2*4 

Bed. Eq. time 1 1 22*8 
(To be added to A.T.) 



16 29 30 

H.D. 
0-604 
X 4 

2*416 



Declination- and equation of time are both taken out for the nearest noon at Greenwich, 
viz., 6th, and corrected for the time wanting to noon, that is, for 3 h 52™ or 3^87. 



Altitude 16*29' 30* 
Latitude 40 20 o 
Polar disk 84 31 40 



141 


21 


10 


70 


40 


35 


54 


11 


5 



sec. 0*117879 
eosec. 0001984 



coBin. 9*519701 
sine 9-908972 



AT.8. Mar. 6* 4 h 5 im 54* log- 954853* 



A.T. ship, March 
Equation time 

M.T. ship, March 
M.T. Green., March 



6 d 4 h 5« m 54 1 
+ 11 23 

^ 5 3 17 
5 20 8 15 

* SS * 



Longitude In time 

Longitude 133* 45' 30* E. 
By Raper : Log. sin. sq. 9548570 gives 
hour-angle 4* 51- 55% long. 133* 4/45' E. 



X. 



The observation having been mado p.m. at ship, the hour-angle is the app. time at ship, before which write 
the date at ship, vis., March 6th : then mean time at snip being one day in advance of mean time at Green- 
wich, we subtract the latter from mean time at ship (borrowing 24*) to enable us to oomplete the subtraction. 

Ex. 6. 1876, November 19th, a.m. at ship, latitude 39 20' S., obs. alt. sun's l.l. 34 37' 55" 
index oorr. + 1' io", height of eyo 14 feet, time by chronometer i8 d 23* 49m 32" (or 
10/ ii*» 49m 32 1 a.m.), which was slow s6 m 57"* 1 for mean noon at Greenwich, September 
rt) aad on September 19th wiw 58™ 52*3 shit on Greenwich mean time. 
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Longitude by Chronometer. 



Sept i at, chronometer slow s^SV 1 
Sept. 19th, „ slow 58 52-3 



Change in 18 days 



1 55'* 



1 55* 
60 

18)1151(6-4 
108 



T. by chron. Nov. 
Original error 



or 
Accumulated rate 

Green, date Not. 



i8 d 23>»49«»3a- 
+ 58 5»'3 

18 24 48 243 

19 o 48 14-3 
+ 6 30-6 

19 ° 54 549 



Sept. 30 days 
'9 

Sept. 1 1 
Oct. 31 
Nov. 19 i h nearly 

Intr. 61 1 

Daily rate 6**4 

Interval 61 



By Baper: index cor. + 1' io* f dip 39°*4 

— 3' 40*, ref. — 1' 25*, par. + 7*, Prop. par. i h *2 
aemid. + 16' 14", true alt 34*50' 21", 



7* 
72 

01». alt 0's l.l. 34 37' 55* 
Index error + 1 10 

Dip for 14 feet 

Corr. altitude 

Semi-diameter 
True altitude 



34 39 5 
— 3 3<> 


34 35 2 9 
— 1 '5 


34 34 «4 
+ 16 14 


34 50 ** 



Deol. page II, N.A. 
Nov. igth noon, 19° 37' 44*8. 

+ 31 



6,0)39,06 

Aoc. rate 6 30*6 
H.D. 



Correction 
Bed. decl. 

Polar dist. 

Altitude 
Latitude 
Polar diet. 



+ 34-39 
55 m = '9 



30951 



19 38 '5 s. 

70 21 45 

34* 50' 28* 

39 20 o sec. 0*111556 

70 21 45 oosec. 0-026025 



Eq. T. page II, N.A. H.D. 

Nov. 19th noon sub. i4 mi 9 i# 57 — °*'594 

Correction — '53 X '9 

Bed. Eq. T. 14 19*04 0*5346 
(To be subt. from A.T.) 



144 3» 13 
72 16 6 OOB. 



37 25 38 sine 



9-483672 
9*783727 



Hour-angle 4 h 2 m 9* log. 9*404980 



Hour-angle 

App. T. ship, Nov. i8 d 
Eq. Time 

MeanT. ship, Nov. i8 d 
Mean T. Green, Nov. 19* 

Longitude in time 

Longitude 



4 h a"9« 
*4 



19 57 5' 
— '4 '9 


'9 43 3* 

54 55 


5 " 


*3 



77°5o'45 r W* 
By Baper : Log. sin. eq. 9-40501?, gives 
Hour-angle 4 h i m 10% Long. 77** 51 o* W. 



In this example, the observation is made a.m. at ahip, the hour-angle ie therefore the time before noon, 
Nov. 19*, and since all our computations are made in astronomical time — which dates from noon— we take the 
hour-angle from 24*, which gives apparent time at ship reckoned from noon of the preoeding day. The mean 
time at ship and mean time at Greenwich are of different dates, mean time at Greenwich being more advanced, 
take the mean time at ship from mean time at Greenwich, borrowing 24* to enable the subtraction to be made. 

Ex. 7. 1876, June 15th, p.m. at ship, latitude 13 54' S., obs. alt. sun's l.l. i6° 16' 16', 
index corr. -f- o' 16*, height of eya, 16 feet, time by a chronometer 15* o h i6 m 16' (or 
o^ i6 m 16* p.m.) which was 2 h 13" 1 37 s fast for mean noon at Greenwich, April ist, and on 
April 1 6th was i h i6 m 16* fast on mean time at Greenwich. 



April 1 at, chronometer fast 2 h i3 m 37» 
1 6th, „ fast 2 16 16 



Change in 15 days 



* 39 



Daily rate 



io**6 gaming. 



a 39 
60 

15 

9° 
90 






Longitude by Chronometer. 



m 



T. by chron.j June 15* o h i6 n, i6 1 
Original error — 2 16 16 



14 22 o o 
Accumulated rate — 10 35 



Green, date, June 14 21 49 25 



By Raper : Index corr. + °' *<>*, 
dip — 4' a*, refr. — 3''.i8% par. 
-f 8', semid. -|- 15' 47", true alt 
1 6° 25 9*. 



Interval from 
April 1 6th to June 
14th 22 h , is 59 d 22*. 
Dai^y rate 10*6 

Interval 59 

954 
53° 



Obs. alt.O'sL.L. i6°i6'i6" 
Index corr. -\- o 16 

16 feet 

Corr. altitude 



12 


* 


625*4 


8 


} 


53 


2 


1 


3*5 
*9 



Semi -diameter 
True altitude 



16 16 32 

— 3 5° 

16 12 42 

— 35 

16 9 37 
+ l 5 47 

16 25 24 



6>°)63>5'i 



Decl., page II, N.A. 
June 15th, noon 23°2o' 58* N. 
Correction — 13 

Bed. decl. 

Polar (list 



23 20 45 N. 
113 20 45 



H.D, 
5*79 

2*2 

1 158 
II 5 8 

I2738 



IO 351 

Eq. T., page H, N.A. 
15th, noon, add o n i4 a *7 
Correction — 



i*i 



H.D. 

+ o"53* 

X 2* 



Altitude 
Latitude 
Polar diat. 



16*25' 24' 

13 54 o 
113 20 45 



sec. 0-012908 
eosec. 0-037096 



Bed. Eq. T. o 136 
(To be added to A.T.) 

App. time at ship, June 
Equation time 



1*064 



+ o 14 



143 40 


9 


71 


5° 


4 


55 


24 40 



cos. 9-493825 
sine 9'9 I 553° 



Mean time at ship, June 15 4 19 52 
Mean time at Green. June 14 21 49 25 

Longitude in time 6 30 27 

^Longitude 97 c 36' 45* E. 

By Baper : Log. sin« sq. 9*459415, Hour- 
Hour-angle 4 h i9 m 38 1 log. 9459359 angle 4* 19™ 39'. Longitude 97 37' o" E. 
In this example the observation is made p.m. : hence the hour-angle is apparent time at ship, before which 
▼e write the date at ship, viz., June 15th (see head of question) ; and since the mean time at ship is June 15th 
4 h io» 5», which is in advance of mean time at Greenwich, the latter being June 14** 2i h 49" 25*; we subtract 
mean time at ship from mean time at Greenwich, and 24* is borrowed in subtracting. 

Ex. 8. 1876, September 23rd, a.m. at &hip, latitude 59 30' N., observed altitude sun's 
l.l. io 9 50' 10% inddx correction -|- 6' 10', height of eye 18 feet, time by chronometer 
2i d n h 44 m 20* (or 22 d n»» 44 m 2o« p.m.) which was 35 111 19' fast for mean noon at Green- 
wich, July 14th, and on August 13th was 30™ 4? fast on Greenwich mean time. 



July 14th fast 35™ 19' 

August 13th fast 30 4 



Change in 30 days 
Daily rate 

T. by chron. Sept. 22 d 1 i b 44»20» 
Original error — 30 4 

22 11 14 16 
Accumulated rate -\- 75 

Green, date, Sept. 22 11 21 21 

By Baper: Index corr. -J- 6' 10", 
dip — 4' io*, refr. — 4' 56*, par. ■+* 
8*, semid. -)- 15* 59", true alt. 1 1° 3' 2 1* 



5 *5 
10*5 

Interval from 
Aug. 13th to Sept. 
22nd, ii h ,is40 d ii h 
Daily rate 10*5 

40 



July 31 
*4 

Aug. 13 

Interval 30 

Obs. alt. Q's l.l. io°5o' 10* 

+ 6 10 



8^ 

3 



420*0 
3*5 

r 3 



6,0)42,4-8 
7 4"8 



Index corr. 

Dip 

Corr. alt 

Semi-diameter 
True altitude 



10 56 20 

— 44 

10 52 16 

— 4 42 

10 47 34 
+ '5 59 

11 3 33 
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Lmgitwde ty Chrofiamebr. 



Deal, page II, N.A. H.D. 

Sept. 22nd, noon o° 4' 5i"N. — 58**5o 

Correction — 11 4 n h 20™ =11*35 

Bed. decl. 



o 6 13 S. 6,0)66,3-9750 



Polar dirt. 

Altitude 
Latitude 
Polar disk 



90 6 13 

»• 3' 33" 
59 3o © 
90 6 13 



11' 4" 



sec. 0-394531 

CO860. O'OOOOOI 



160 


39 


46 


80 


*9 53 


69 


16 


20 



00* 

one 



9*215178 
9-970938 



Hour-angle 4 h 3o n 25* log. 9*490648 



Eq* T. page II, N.A. 
2 2nd, noon 7 ra 3o»*2 
Correction •+- 9*8 

Red. Eq. T. 7 400 
(To be »ubt. from A.T.) 

Hour-angle 



App. T. at ship, Sept. 
Equation of Time 



H.D. 

+ 0-866 

"35 
9*82910 



4** $&**$' 
24 

22*19 *9 35 
— 7 40 



Mean T. at ship, Sept., 22 19 2 r 55 
Mean T. at Green., Sept., 22 11 21 21 



Longitude in time 



* o 34 



Longitude 120° 8' 30* E. 

Ex. 9. 1 876, June 2 3rd p.m. at ship, latitude o°, observed altitude sun's l.l. 20 25', height 
of eye 20 feet, time by chronometer June 23 d 6 h 4 m 40*, which was fast 13*° 1 1» on Green- 
wich mean time, April 6th, and on May 1st, was i2 m i*f<ut for mean noon at Greenwich. 

Interval from April 6th to May 1st is 25 days ; the change in rate in that time is 70*: 
then 70* -s- 25 = 2«-8 losing. 

T. of chron., Jan. 23 d 6 h 4 m 40 i Interval from May 

Original error — 12 1 rat to June 23rd, 6 h , 

is 53d 6 h . 

3 3 5 5 s 39 Daily rate 2**8 

Aoc. rate 4* 2 29 Interval 53 



Obs. alt. ©'s l.l. 20*25' o* 
Dip — 4 17 

Con*, alt. 



H 
140 



Green, date, June 23 5 55 8 

By Baper : dip — 4' 20', refr. — 2' 36* 
par. + 8*, semid. 4- 15' 46% and true 6 | J | 1484 
alt. 20* 33' 58*. 7 



Semi-diameter 
True altitude 



20 


20 


43 


— 


a 


*5 


20 


18 18 


+ 


*S 


4* 



20 34 4 



6,0) 14,9- 1 



DeeL page n, N.A. 
23rd noon 23* 26' 17* N. 
Correction — 15 



Bed. decl. 



23 26 2 N. 



Polar diet. 66 33 58 



Altitude 
Latitude 



20*34' 4' 

000 



H.D. 

2*48 

59 

2232 
1240 

14*632 



2 29*1 

Eq. T. page II, N.A. 
23rd noon i m 58* a 8 

Correction 3*2 



Be I. Eq. T. 



(Added to A.T.) 



Polar diet. 66 33 58 
87 8 2 



sec. o'oooooo 
cosec. 0*037385 



Altitude 
Latitude 
Polar diet. 1 1 3 26 2 



20*34' 4' 



H.D. 

'54° 

_ 59 

2*0 486* 

— 2700 

31860 

sec. o'oooooo 
cosec. 0*037385 



43 34 * 



32 59 57 



Hour-angle 4 h 2$ m $y 

Eq. T. +22 

M.T.S. 23 d 4 31 59 

M.T. G. 23 d 5 55 8 

Long, in T. 1 23 9 



Longitude 20P47' 15* W. 



oos. 
sine 
log. 



9* 860080 
9*591863 
9*489328 



] 


134 6 




67 3 




46 25 59 


Hour-angle 
Eq. T. 


4 h *9 m 57 

+ 2 2 


M. T. S. 23 d 
M. T. G. 23 d 


4 3' 59 

5 5S » 


Long. in T. 


1 23 9 



008. 

sine 
log. 



9591863 
9860080 
9489328 



Longitude ao°47' 15* W, 



hy Baper the answer comes out the same. 



LongiUuk by Chronometer. 
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Ex. 10. 1876, Sept 22nd, p.m. at ship, lat. 0° o', obs. alt. sun's l.l. 2 8° 52', height of eye 
17 feet, time by chronometer Sept. 22* 4 h 59™ 41% which was slow 15 s on Greenwich mean 
lime, April 30th, and on June ist was /art io»*6 on Greenwich mean time. 

April 30th, chronometer slow o m i5 s 
June ist, „ fat 

Change in 32 days 

Daily rate 



T. by chronometer, Sept. 22 d 4 h 59 m 4i 8 
Original error — io*6 



Accumulated rate 



« d 4 59 3°*4 
— 1 30-4 



Greenwich date, Sept. 22 4 58 q 



or, 



4 h *97 



O IO'6 




April 30 
30 


256 

o a 8 gaining. 





May 31 
June 1 

Interval 32 


June 


30 
1 


Interval 113 days. 
Bate o-8 


July 
Aug. 
Sept. 


29 

3 1 

3» 
22 


6,0)9,0-4 
Aoo. rate 1 30-4 


Interval 


113 





Decl., page 
Sept 22nd, o° 

Corr. for 5 h, 89 — 

■\ ^ — 
Bed. decl. o 



II, N.A. H.D. 

4 5 o"-5 N. deer. - 58*- 5 o 



4 5°*7 



Obs. alt. sun's l.l. 
Dip 

Oorr. altitude 

Semi-diameter 
True alt. 

Zenith distance 
Do. in time 



4*97 



• Eq. T. 
Sept. 22nd, sub. 7 m 3o« , 2i 
Corr. 5 h '9 + 4*33 



6,0)29,0-7450 , lied. Bq. T. 7 34-54 
(To be subt. from A.T.) 



H.D. 
0-866 

5 h 

4*33© 



4 5°'7 



28°52' o' 

— 3 57 



28 


48 
1 


3 
35 


28 

+ 


46 28 
»5 59 


a 9 
90 


2 



27 



60 


57 


33* 



4 h 3 m 5<*' 2 



App. T. ship, Sept. 
JBq. T. 



h -»mi 



22« 4" 3 m 50 a, 2 

— 7 34*5 



Mean T. ship, Sept 22 d 3 56 15*7 
Mean T. Green., Sept 22* 4 58 0-0 



Long, in time 
Longitude 



1 1 44*3 



15*26' 4*W. 



By Raper : True alt. 29 2' 16"*, whence 
H.A. (or zen. diet.) in time = 4 h 3™ so»*9. 
Long. 15 25' 54* W. 



Ex. 11. 1876, October 10th, p.m. at ship, latitude at noon 20° 41' S., ship had sailed N.E. 
(true) 54 miles since noon, obs. alt. sun's l.l. i8° 45', height of eye 15 feet, time by chro- 
nometer October 9** i6 h 28 s 42", which was slow 1 i m 44* on mean time at Greenwich, August 
26th, and on September 10th was slow io m 26 s : required the longitude at time of observation, 
and also at noon. 

• 

To find the difference of latitude and difference of longitude. — The course 4 points and distance 
54 miles give diff. lat 3 8' '2 and dep. 38' -2. The diff. of lat. is named North, because the 
■nip at the time of sights was to the north of the position, at noon ; and is subtracted from 
the lat. at noon, viz., 20 41' S. to get the lat at sights, the result is 20 2' 48" S., and the 
dep. is named East, because the ship at the time of sights was to the east of the position at 
noon. The mid. lat. 20 22' as a course, and dep. 38'- 2 as a diff. lat, give the distance 41' 
as diff. of long, and is named East, because the ship at time of sights is east of her position 
at noon. 



9 Both latitude and declination being o, the eenith distance converted info time i« the honr»*ngle, 
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The daily rate is 5**2 gaining; the interval 29* i6 h X 5**2 gives accumulated rate a m 34**3; 
Greenwich date October 9* i6 h 36*" 34'; polar distance 83° 14' 2*; red. eq. T. i3»2» , i5 
subt. from A.T. ; true alt. (None) 18 54' 43 ' ; latitude in at sights 20° 2' 48' S. ; hour-angle 
4 h 49 m 10 s ; mean time at ship October io d 4 h 36^ 8» ; long, at time of observation 179° 53' 30* E.; 
diff. long. 41 ; also longitude at noon 179 25' 30' W. 

Examples fob Practice. 

Ex. 1. 1876, January 2nd, a.m. at ship, latitude 36° 59' 8., observed altitude sun's la. 
49 10', index correction — 2' 40*, height of eye 14 feet, time by a chronometer i d 19* 8 m 50* 
(being 7 h 8 m 50* a.m. at Greenwich), whioh was slow 1 8 m 2 a for mean noon at Greenwich, 
November 30th, 1 875, and on December 7th was 19 1 * io»*6 slow for mean time at Greenwich: 
required the longitude. J 

Ex. 2, 1876, February 19th, a.m. at ship, latitude 3 8° 18' S., observed altitude sun's l.l. 
21 4 30' 40*) index correction — 6" 45", height of eye 14 feet, time by a chronometer 
i8 d 19 11 53 m 37^6 (being 7 h 53™ 37""6 a.m. at Greenwich), which was 4 m 16*6 fast for mean 
noon at Greenwich, January 23rd, and on January 30th was 5* 9*-8 fast for mean time at 
Greenwich. 

Ex. 3. 1876, March 28th, p.m. at ship, latitude 20 19' 8., observed altitude sun's l.l. 
30 14', index correction — 2' 10", height of eye 30 feet, time by chronometer 28* o h io» 
(being o h io m p.m. at Greenwich), which was 54* 48* fast for mean noon at Greenwich, 
October 20th, 1875, and on December 2nd, 1875, was 51™ 56* fast for mean noon at 
Greenwich. 

Ex. 4. 1876, April 6th, a.m. at ship, latitude 53 5' N., observed altitude sun's la. 
1 6° 8' 40" ', index correction — 40*, height of eye 15 feet, time by a chronometer 5* 19 11 i8 n 49* 
(being 7 h i8 m 49 s a.m. at Greenwich), which was o m 4^4 slow for mean noon at Greenwich, 
February nth, and on March nth was 2 m 38 s fast for mean noon at Greenwich. 

Ex. 5. 1876, May 19th, p.m. at ship, latitude 2 58' S., obs. alt. sun's l.l. 30 30', index 
correction + 52% height of eye 19 feet, time by chronometer 19* o h 23™ 58 s , which was 28* 
fast for mean noon at Greenwich, January 3rd, and on January 31st was 42* slow on mean 
time at Greenwich. 

Ex. 6. 1876, June 15th, a.m. at ship, latitude n° 11' N., observed altitude sun's la. 
39 39' 40% index correction -{- 20", height of eye 1 7' feet, time by a chronometer 14* 17*59* 3°* 
(being 5 h $9 m 3°* A - M - at Greenwich), which was slow 5™ 56**3 for mean time at Greenwich, 
April 20th, and on May 12th was 2 m 29'- 5 slow for mean noon at Greenwich. 

Ex. 7. 1876, July 5th, a.m. at ship, latitude 23 48' N., observed altitude sun's l.l. 
48* 36' 50*, index correction — 50*, height of eye 17 feet, time by chronometer 5 d o h 42 m 38* 
(being o 1 * 42* 38" p.m. at Greenwich), which was fast 4™ 47**8 for mean noon at Greenwich, 
May 6th, and on June 1st was fast 6 m 50* for mean noon at Greenwich. 

Ex. 8. 1876, August 13th, a.m. at ship, latitude 30 46' S., observed altitude sun's la. 
27 15', index correction — 1' 15*, height of eye 21 feet, time by a chronometer 13 d 2 h o* 
(being 2 h 0™ p.m. at Greenwich), which was slow 26 m 7**6 for mean noon at Greenwich, 
April 10th, and on May ist, was slow 25* 13" for mean noon at Greenwich. 

Ex. 9. 1876, September ist, p.m. at ship, latitude 35° 49' N., observed altitude sun's la. 
44 32' 10", index correction -{- 1' 46% height of eye 20 feet, time by chronometer August 
3i d i9 h 24 m 57" (being 7 h 24*0 57* a.m. at Greenwich), which vw&fast 1 i m 57**4 for mean noon 
at Greenwich, July 3rd, and on July 31st whs fast n m 17* for mean noon at Greenwich. 

Ex. 10. 1876, October 25th, p.m. at ship, latitude 51 30' S., observed altitude sun's la. 
40 22', index correction — 1' 50", eye 20 feet* time by chronometer 25* 8 h 22 m i" (or 
8 b 22 m i a p.m.), whioh was slow 24™ 8**a for mean noon at Greenwich. June 14th, and on 
July 20th was slow ai m 19" for mean noon at Greenwich. 



Longitude by Chronometer. 279 

Ex. 11. 1876, November 27th, a.m. at ship, latitude 39 20' S., observed altitude sun's l.l. 
34* 37* 5S*i index corr. + 1' 15*, eye 18 feet, time by a chronometer 27 d 7 h 4i m 30 8 (being 
p.m. at Greenwich), which was/<w* 31™ 54" for mean noon at Greenwich, October 20th, and 
on November 9th was 29^ 40" fast on mean noon at Greenwich. 

Ex. 12. 1876, Dacember 24th, a.m. at ship, latitude 9 59' 8., observed altitude pun's l.l. 
io* 38' 45% index correction — 3' 12", eye 18 feet, time by a chronometer 23 1 17 11 36™ o' 
(being a.m. at Greenwich), which was slow 34 m i9*'i for mean noon at Greenwich, July ist, 
and on July 29th was slow 38 111 39*5 for mean noon at Greenwich. 

Ex. 13. 1876, January ist, p.m. at ship, latitude 38 28' S., observed altitude sun's l.l. 
39 0', index correction — 2' 25*, eye 12 feet, time by chronometer i d n h 58 m 29* (being 
pji at Greenwich), which was slow i h 49™ 19 s for mean noon at Greenwich, on September 
12th, 1875, an< ^ on October 13th was i h 52™ 53* slow for mean noon at Greenwich. 

Ex. 14. 1876, February nth, a.m. at ship, latitude 53 12' N., observed altitude sun's 
l.l. 12° 10', index corr. — 49*, eye 12 feet, time by chronometer io d 22 h 22™ 22 s (being a.m. 
at Greenwich), which was/*** 34™ 41" 7 for mean noon at Greenwich, October 31st, and on ^ ^ 

December ist, 1875, was/oatf 38™ 59' for mean noon at Greenwich. ' 

Ex. 15. 1876, October 26th, a.m. at ship, latitude 28 10' N., observed altitude sun's tt.l. , 

25° 32' 20*, index correction o", eye 17 feet, time by chronometer o h 54™ 6 s (being p.m. at 
Greenwich), which was fast 3i m 31* on mean time at Greonwich, August ist, and on Sept. 
4th wasjosl 3o no 6* for mean noon at Greenwich. 

Ex. 16. 1876, February 6th, p.m. at ship, latitude 6° 58' N., observed altitude sun's u.l. 
2i° 43' 40", index corr. 0% eye 18 feet, time by a chronometer n h 40™ 26* (being a.m. at 
Greenwich), which was slow i6 m 4"* 8 on mean noon at Greenwich, January 2nd, and on 
January 20th was slow 17 01 42 s on mean noon at Greenwich. 

Ex. 17. 1876, May ist, p.m. at ship, latitude 21 8' N., observed altitude sun's l.l. 
2 *° 5 3°*» index corr. + 2 50", height of eye 16 feet, time by a chronometer April 
30* i8 h 50" 29**4 (being 6 h 50™ 29*- 4 a.m. at Greenwich), which was io m 12" slow for mean 
noon at Greenwich, December 31st, 1875, and on February 17th, 1876, was -j m 33»'6 slow 
for mean noon at Greenwich. 

Ex. 18. 1876, April 2 ist, p.m. at ship, latitude at noon o° 20' N., observed altitude sun's 
f.l. 32 21' io v , index correction — 1' 10*, eye 12 feet, time by a chronometer 3 h 44™ i s 
(being a.m. at Greenwich) which was slow 9™ 7" for mean noon at Greenwich, November 
14th, 1875, and on January 1 ith, 1876, was slow 7™ 34 ,, 2 for mean noon at Greenwich, course 
fince noon S.W. by W. (true), distance 36 miles: required the longitude at the time of 
observation, and also at noon. 

Ex. 19. 1876, August 2 ist, a.m. at ship, latitude at noon o° 20' S., observed altitude sun's 
L.L. 33 49', index correction + 2' 10", eye 15 feet, time by chronometer 8 h 14™ o* (being 
p.m. at Greenwich), which was slow 4™ 40 9 for mean noon at Greenwich, March 13th, and 
on April 30th was slow 5™ 40* for mean noon at Greenwich, course till noon S.W. by W., 
distance 36 miles : required the longitude at time of sights, and also at noon, 

Ex. 20. 1876, March 20th, a.m. at ship, latitude o°, observed altitude arm's l.l. 2 8° 50' 10% 
index corr. + 1', ©ye *3 feet, time by chronometer 2o d i h 35™ (being p.m. at Greenwich), 
which was i m 59"'9/*rf for mean noon at Greenwich, February ist, and on February 28th 
w&s fust 2 m 8 a for mean noon at Greenwich. 

Ex. 21. 1876, June 14th, a.m. at ship, latitude 29 10' S., observed altitude sun's l.l. 
30* 40', eye 25 feet, time by chronometer, June 13 d 22 h 59™ 20* (being p.m. on 14th at 
Greenwich), which was fast 4 m 35 s for mean noon at Greenwich, March 20th, and on May 
3rd was slow i m 17 s for mean noon at Greenwich. 
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Ik this problem the Error of the Compass is required by computing the 
true bearing of the sun, and taking the difference between the true bearing 
and the bearing by an Azimuth Compass. 

300. The Azimuth of a heavenly body is the arc of the horizon inter- 
cepted between the cardinal point adjacent to the elevated pole, and the 
circle of altitude passing through the body, or it is the angle at the Zenith 
contained between the vertical circle passing through the elevated pole (the 
meridian) and the vertical circle passing through the object. Azimuth is 
usually reckoned from the north or south point, eastward and westward from 
o°to 180 . 

30 j. True Azimuth is the bearing of an object from the true north or 
south point, and is the azimuth found by calculation from the observed alti- 
tude or hour-angle of the body. It is in general simply called The "Azimuth" 
but it is thus qualified as the True Azimuth to distinguish it from the Mag- 
netic Azimuth, which is the bearing of the object from the compass North or 
South point, and which is found by direct observation with an instrument 
carrying a magnetic needle. The difference between the true and magnetic 
azimuth gives the entire correction of the compass — variation and deviation 
combined. 

301*. Given the latitude, altitude, and declination of an object, to find 

the true azimuth. 

RULE XCVIII. 

i°. Add together the polar distance, the latitude, and the altitude* take half 

the sum, and take the difference between the half sum and the polar diet. 

Note. — When the latitude is o, suppose it to be of contrary name to the declination when 
finding the polar distance. 

z°. Add together the log, sec. of latitude, the log. sec. of altitude, (rejecting tent J, 
the log. cosiht* <>/ the half sum and remainder ; the sum (rejecting tens) is log. sine 
square of true azimuth (Table 69 Raper). Or half the sum of the Jour logs, is the 
log. sine of half of the true azimuth, which take out of the table (Table 24 Norie), 
and double it; the result is the true azimuth. 

3 . Reckon the true azimuth from S., when the latitude is N., but from the N. 
when the latitude is S. ; towards E. when it is a.m., or when the altitude is in- 
creasing, but towards W. when it is p.m., or when the altitude is decreasing. 
" (a) When latitude is o°, if declination is N. reckon the azimuth from the 
South; */ declination is S., reckon the azimuth from the North. 

(b) When both latitude and declination are o°, the object moves on the prime 
vertical, or is E. while the altitude is increasing and W. while the altitude is 
decreasing. 

Note. — The logs, are taken out in these examples to the nearest second. 

• The learner will observe that in this formula the pol. disk, lat., and alt occur in the 
reverse order of that in Rule XGVI (finding hour angle) in which the initials form the word 
alp. In finding the azimuth the initials form pla. The and and 3rd terms, take secants; 
the last two, cosines. By this arrangement the term whioh has to be taken for the half sum 
is always on the top. 
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Ex. 1. Given the latitude 47 46' S.; 
declination 22 27' 22* (or polar distance 
67° 32' 38*) : true altitude 26 44' decreasing 
or (being p.m.) 

Polar dist 67 32' 38* 
Latitude 47 46 see. 

Altitade 26 44 sec. 



o*i7 3 533 
0-049095 



Sum 


142 


2 


38 


Half sum 
Half sum- 


71 
-p.<L 3 


1 
28 


l 9 
41 



cos. 95 1 2 159 
cos. 9*999200 

2)19-732987 



47 20' 12' sine 9*866493 
2 470 



True az. N. 94 40 W. 



12* = 23 



The true azimuth is here marked N. becauso the 
latitude is S., and"W. because the altitude is decreas- 
ing, it being p.m. 

£1.3. latitude 2 8° 3' N., declination 
J* 9 39' 50' 8., true altitude 25 12' 4*+(a.m.) 

Polar dist. 102 39' 50" 
Latitude 28 3 o 

Altitade 25 12 4 



sec. 0*054267 
sec. 0*043438 



Sam 
Half sum 



*SS 54 54 

77 57 *7 



P. dist. — } sum 24 42 23 



cos. 9*319392 
cos. 9*958307 

2 ) 19*375404 



Half azimuth 29 " 10' 22" sine 9-687702 

2 



Troeaz. 8. 58 19 £. 

The sum of the four logs., rejecting xo from the 
index is the log. sine square of true azimuth ; seek 
for log. in Table 69, Raper, and the corresponding 
ate is 58 19*, whence true azimuth is S. 58° io* E., 
the same as by Norie's Table. 



Ex. 5. Latitude 34 19' 8., declination 
7° 5' 27* 8., true altitude 40 55' 57 ' (+ p.m.) 



Ex. 2. Latitude 37 15" N., declination 
22 22' 58'' N., true altitude 39 20' 8*— (p.m.) 

Polar dist. 67°37' 2* 
Latitude 37 15 o 

Altitude 39 20 8 



sec. 0*099086 
sea 0*111570 



Sum 
Half sum 



144 12 10 
72 6 5 



Half sum— p.d. 4 29 3 



00s. 9-487610 
cos. 9*998668 

2)19696934 



44° 5 ''58* sine 9*848467 

2 



True azimuth 8. 89 44 W. 

The sum of logs, (less 10 in the index) being found 
in, the log. sine square (Table 69, Baper), gives true 
azimuth as above — without the trouble of halving 
the sum of logs, and multiplying the arc correspond- 
ing thereto by 2. 

Ex. 4. Latitude 38' 46' N., declination 
7 41' 56" 8., true altitude 27° 16' 8*— (p.m.) 

Polar dist. 97 41' $6" 

Latitude 38 46 o sec. 0*108071 

Altitude 27 16 8 sec. 0*051164 



Sum 

Half sum 
Remainder 



163 44 4 

81 52 2 cos. 9*150657 

1 5 49 54 cos. 9983206 

2)19*293098 

26 18$ sine 9*646549 

2 



True azimuth 8. 52 36 J W. 



Ex. 6. Latitude o° declination 15 2' 27*8". 
True altitude 24 12' 10" — 



Polar dist. 

Latitude 

Altitade 


**°54'33" 
34 19 ° 
40 55 57 


■An 

Ovb> 

sec. 


0*083054 
0-121776 


Polar dist. 

Latitude 

Altitude 

Sum 


105 2' 27* 
000 
24 12 10 


sec. 


0039957 


8am 


'5* 9 3° 


129 14 37 




Half sum 


79 4 45 


cos. 


9*277500 


Half sum 


64 37 18 


cos. 


9*632045 


Bemainder 


3 49 4« 


cos. 


9-999029 


Bemainder 


40 »5 9 


cos. 


9-881568 




33 2 3 40 

2 


sine 
B. 


2)19*481359 

9 -10679 




3°" 44 

2 


sine 


2 ) I 9\S5357o 




9776785 


True as. 


X. 66 47 20 


8. 73 28 






OO 















t t 
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Examples fob Practice. 

In each of the following examples it is required to find the true azimuth : 
(The sign + means a.m., and the sign — means p.m.) 



I. 


True altitude 7 43' 27* + 


Declination 


n° 28' 32* N. 


Latitude 


51' 10' N. 


2. 


» 


** 30 53 + 


>! 


21 56 45 8. 


1* 


26 20 N. 


3- 


»> 


12 50 46 — 


»» 


9 36 51 N. 


M 


15 47 S- 


4- 


» 


*9 4' 59 + 


»» 


2 38 14 N. 


f* 


4 22 N. 


5- 


tt 


7 15 55 — 


»» 


12 14 38 8. 


»» 


5' *N. 


6. 


>i 


13 47 28 — 


M 


17 5° 57 N. 


»» 


42 36 S. 


7. 


» 


45 3° ° — 


>» 


23 2 8. 


l» 





8. 


» 


25 40 10 + 


»» 


000 


l> 





9- 


>» 


40 7 21 — 


1» 


17 4 3 & 


f» 


33 5' S- 



301. Given the true bearing and compass bearing, to find the error 
of the compass. 

RULE XOIX. 

i°. To find the amount of the Error of the Compass. — Beckon the True and 
Magnetic Azimuths from the same point of the compass — North or South. 

(a) If one of the azimuths be expressed from the North and the other from the 
South, take either of them from 1 8o°, and it will then be reckoned from the same 
point as the other. 

(b) If the bearing by compass be reckoned from East or West, towards North or 
South, take it from 90 , and reverse the position of the letters ; or, add 90°, and 
it will then be expressed from the opposite point to that from which it is reckoned 
when taken from 90 . 

Example. 

Ex. Suppose magnetic azimuth to be W. 7 8° 30' N ; then subtract the magnetio azimuth, 
from 90 thus : — 

90° 00' 
W. 78 30 N. 

The azimuth is thus reckoned N. 11 30 W. from the north pole. 

(c) When the magnetic azimuth is either East or West, it is to be reckoned 
as go from North or South, according as the true azimuth is North or South. 

2 . Take the difference of the true and magnetic azimuths when measured to- 
wards the same point of the compass, East or West ; but when measured towards 
different points, i.e., when one is reckoned towards East and the other towards 
West, take the sum ; the result is the error of the compass or correction. 

3°. To name the Correction of Compass. — Let the observer look at the two 
azimuths for bearings) from the centre of the compass — then if the true azimuth 
is to the right of the magnetic azimuth, the correction is East ; but if the true 
azimuth is to the left of the magnetic azimuth, the error is West, 
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Examples. 



Ex. i. Given true azimuth N. 44 20' E. 
and the sun's bearing by compass (or mag- 
netic azimuth) N. 17 10' E. : required the 
error of compass. 

Trues*. N. 44°2o'E. 
Hag. az. N. 17 10 E. 



M.A. 



Error 



27 10 E. 



^T.A. 



The observer being supposed 
looking from the centre of the 
compass in the direction of the s 

magnetic azimuth, then the true azimuth lies to the 
right hand of the magnetic azimuth, whence the 
error of compass is to be marked Host. 

Ex. 3. Given true azimuth S. 69 W., 
magnetic azimuth 8. 47 W. : required the 
error of compass. 

Traeaz. 8. 69° W. 8 u 

Mag.az. 8.47 W. 



Error 



22 



E. 



E 



W 



N 



The observer being supposed 
looking from the centre of the 
compass in the direction of 
the magnetic asimuth G M ? 
then the true asimuth, C T> lies to the right hand of 
the magnetio asimuth, whence the error of the com- 
paisis East. 

Ex. 5. The true azimuth 8. 62 41' E., 
and magnetic azimuth E.S.E. : required the 
error of compass. 

True az. 8. 62° 41' E. 
8. 6 pts. E. = Mag. az. 8. 67 30 E. 

Error of compass 4 49 E. 

Here the error of compass is East, since the true 
azimuth is on the right of the magnetic azimuth, the 
observer looking from the centre of the compass in 
the direction of the magnetic azimuth. 

Ex. 7. True azimuth N. 72 E., mag- 
netio azimuth East. 

True azimuth N. 72 E. 

Mag. azimuth East = N. 90 E. 

Error of compass 18 W. 



Ex. 9. The true azimuth 8. 90° 33' E., 
and magnetic azimuth N. 8i° 20' E. : find 
the error of compass. 

True azimuth 8. 90033' E. 

180 o 



or, N. 89 27 E. 
Mag. azimuth N. 81 20 E. 

Error of compass 8 7 E. 

The true* azimuth being reckoned from 8., while 
the magnetic asimuth is expressed from N., the true 
is subtracted from x8d°, in order to reckon it from 
the same point as the magnetic asimuth, vis., fromN. 



Ex. 2. Given true azimuth S. 70 57' E. 
the magnetic azimuth 8,E. by £.}£.: 
required the error of compass. 

Mag. az. S.E. by E. } E. = 8. 64 41' 15* E. 

True az. S. 7o°57' o"E. *■*. • 
Mag. az. S. 64 41 15 E. 

T.A. 

6 15 45 W. b 



Error 




t 

N 



The error of compass is in this 
instance West, because when 
looking from the centre of the 
compass in the direction of the 
magnetic azimuth, the true azimuth is on the left 
hand of the magnetic 

Ex. 4. True azimuth N. 50 12' E., and 
the magnetio azimuth N. 61° 50* E. : re- 
quired the correction of compass. 

True azimuth N. 50° 12' E. 

Magnetic azimuth N. 61 50 E. 

Error of compass 11 38 W. 

The error of compass is here West, because the true 
azimuth is to the left hand of the magnetio asimuth, 
the observer being supposed to look from the centre 
of the compass in the direction of the magnetio 
azimuth. 



Ex. 6. The true azimuth 8. 82° 50' W., 
and magnetic azimuth W. 15 N. 

True az. 8. 82 50' W. 
W. 15 N. = Mag. az. 8. 105 o W. 



Error of compass 22 10 W. 

The error of compass is West, the' true azimuth 
being to the left of magnetic, 90 is added to the 
compass bearing in order to reckon it from the same 
point as the true azimuth ; thus, from 8. to W. is 90°, 
and from W. to W. 15 N. is 15° more; hence mag- 
netic azimuth is 8. 105 W. 

Ex. 8. The true azimuth is 8. 76 W., 
and the magnetic azimuth West. 

True azimuth S. 7 6° o' W. 
Mag. azimuth 8. 90 o W. 

Error of compass 14 o W. 

The magnetic azimuth West is reckoned as 90 from 
8., because the true azimuth is reckoned from 8. 

Ex. 10. The true azimuth N. 69* 39' W. f 
and magnetic azimuth 8. 93 30' W. : 
the error of compass. 



find 



True azimuth N. 69°39'W. 

i$o o 



or, S. no 21 W. 
Mag. azimuth 8. 93 30 W. 

Error of compass 16 51 E. 

The true azimuth is here taken from 180*, in order 
to reckon it from the same point as the magnetio 
azimuth. 
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Ex. 11. True azimuth S. 36° W., mag- Ex. 12. True azimuth N. 68* W., mag- 

netic azimuth 8. 9 E. netic azimuth N. 5 E. 



True azimuth 8. 36° W. 
Mag. azimuth 8. 9 E. 

Error of compass 45 E. 



True azimuth N. 68° W. 
Mag. azimuth N. 5 E. 

Error of compass 73 W. 



Ex. 13. True azimuth N. 49° E., mag- Ex. 14. True azimuth 8. 50* E., mag- 

netic azimuth N. 3 J W. netio azimuth 8. 8° W. 

True azimuth N. 49 E. True azimuth 8. 50 E. 

Mag. azimuth N. 3 W. Mag. azimuth 8. 8 W. 

Error of oompaas 52 E. Error of compass 58 W. 

EULE 0. 

1 

* i°. With ship time and longitude in time find the Greenwich date (Bold 
LAAAl, page 222.) 

2 . Take from page II, Nautical Almanac, the sun's declination and reduce 
it to Greenwich date (Rule LXXXTT, page 222); also take out sun's semi' 
diameter. 

If apparent time is given, use Nautical Almanac, page I. 

3 . Correct observed altitude for index error, dip, refraction, parallax, and 
semi-diameter, and thus get the true altitude (Eule LXXX VJLL, page 236). 

4 . Proceed according to Rule XUVJJJL, page 280, to find the true azimuth. 

5 . Saving found the true azimuth, proceed by Rule XU1A, page 282, to 
find the entire correction or error of the compass. 

6°. Next apply the variation to the error of compass according to Rules 7 and 
8° of Rule TiXXXTX, page 245, the result is the deviation for the position of the 
ship's head at the time of observation. 



Ex. 1. 1876, May 19th, 3 h 7 m 44* p.m., mean time at ship, latitude 41° 53' K., longitude 
60 s 19' W., sun's bearing by compass 8. 104 40' W., observed altitude sun's i»l. 43 56' 7', 
height of eye 18 feet, index correction o' ; required the true azimuth and error of the com- 
pass ; and supposing the variation to be 17 10' W. : required the deviation of the compass 
for the position of the ship's head at the time of observation. 

Ship date (M.T.) May 19* 3 h 7 m 44" Obs. alt. ©'s l.l. 43*56' 7" 

Long. 60 9 19' W. in time +4 1 16 Dip — 44 

Green, date (M.T.) May 19 7 9 o 



By Baper : Dip — 4' 10% ref. — 1' 1*, par. 
4. 6", semid. + 15' 50*. True altitude 

44° * 54'. 



Corr. altitude 


43 5* 3 
— 53 


Semi-diameter 


43 5* » 
+ *5 S° 


True altitude 


44 7 



r 



tfQ* $ 1 Hf 



/a. •• 



/ ,53 n. 



P,0,Jo b 



ft," 



*/" «' 



KM»M*> 




«W U 



h& ' 33 Ai <!**. .3^2 3 If C*f- *3^a-3^ 

Si 6* Jf%l*u. A**' § * true <e*6sn 








ii $o *t 



s~1$ Y* *> " 








7 



& 




/ 



fi Xf-H L-l* :■'.*:■ : &. V, ' 



• **■ 
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Polar dist 70 i^a" 
Latitude 41 53 o 
Altitude 44 7 o 



OoVi 

BAA 



Sum 



15 6 " J 5* 



Half sum 78 o 56 
under 7 59 4 



cds. 
cos. 



Half azimuth 3 8° 20' due 

2 



0*128132 
0-143922 



9-317284 

9*995771 

*)«9'5*5 X0 9 



9'79 3 554 



Decl. page II, N.A. 
>th, noon, 1 9 54' 22* 
orrection -(- 3 46 



H.D. 

+ 3*"*5 
7*i5 



True azimuth S. 76 40 W. 
Mag. azimuth 8. 104 40 W. 

Error of oompaas 28 o W. 
Yariation 17 10W. 



Deviation 



10 50 W. 




Bed. decl. 19 58 8 
90 o o 

Polar diet. 70 1 52 

Correction 



fiuui TwvMMtl Ofy***** 



*S**5 
3i*5 
«i55 

6,0)22,6-2975 
ti) 



v N. 



Sis-°H6'<f 



MAO. 




The true azimuth being to the left of the magnetic, the error of oompaas being to the left 
of the variation. 

Ex. 2. 1876, September 2nd, mean time at ship 8 h 59™ a.m., latitude 39 31' S., longitude 
1 2 7 45' W. t sun's bearing by oompaas N. 29° 50' E., observed altitude sun's l.l., 26°4o' 37', 
height of eye 18 feet : required the true azimuth and error of the compass : and supposing 
the variation to be 9 50' E. : required the deviation of the compass for the position of the 
ship's head at the time of observation. 



Ship date (M.T.) Sept. i* 20 h 59= 
Long. 127° 45' W. + 8 31 

Grn. date (M.T.) Sept. 2 5 30 



By Baper: Dip — 4' io v , ref. — r' 56', 
par. + 8', semid. -|- 15' 54*. True alti- 
tude »6° 50' 33". 



Decl. 2nd, p. II, N.A. 
Correction 

Reduced declination 
Polar distance 



7 42' 31* N. 
— 5 * 



Obs. alt ©'a l.l. 
Dip. (T. 4) 



Corr. altitude 

Semi-diameler 

True altitude 

Hourly diff., noon, 
S h 30- = 



J 26 40' 37* 

— 4 4 

26 36 33 

— 1 45 

26 34 48 
+ 15 54 

26 50 42 

54*'95 
X5S 



7 37 3 9 N - 
90 o o 

97 37 39 



*7475 
*7475 

6,0)30,2-225 



5' *' 



Polar dist. 

latitude 

Altitiide 



"Half mm 

Bemainder 



97° 37' 29' 

39 3 1 ° 
26 50 42 

163 59 11 

*' 59 35 
l 5 37 54 



sec. 0*112698 
sec. 0-049523 



<**• 9 <I 4393* 
cos. 9*9 8 3 6 33 

2)19-289785 



Half true azimuth 



True azimuth 
Magnetic azimuth 



26 d n'50* 

2 



N. 52 24 E. 
N. 29 50 £. 



Half azimuth 26°u'5o" sine 9*644892 



Error of compass 22 34 E. 

The true azimuth being to the right of 
magnetic. 

To find the Deviation. 
Error of compass -4- «° 34' E. 

Tariatioii 9 |»W. 



Deviation 



+ ii 44 B. 



z$6] 



Variation by an Azimuth. 



Ex. 3. 1876, July 5th, mean time at ship 6 h 55™ 51* p.m., latitude 50 53' N n longitude 
1 1 9 8' E., son's bearing by compass N. 69° o' W., observed altitude sun's l.l. 9 40', 
index oorreotion + 3' S°% height of eye 18 feet, variation 4? cf W. 



Ship date (M.T.) July 5* 6*55-5 1« 
Long. ii9°8'E. — 7 56 32 

Green, date (M.T.) July 4 22 59 19 



Hourly diff. 
Time from noon i k 

Oorreotion 



DeoL, noon, July 5th, 
Bed. deoL 

Polar dist. 



i4*-64 
1 

14^64 

or + 15" 
22 44 58 N. 

22 45 13 N. 

9° 

67 14 47 



Obs. alt. ©'a l.l. 
Index oorreotion 



Dip 

Corr. altitude 

Semi-diameter 
True altitude 



9 40' o* 
+ 3 50 



9 43 5° 

— 44 


9 39 
— 5 


46 
17 


9 34 *9 
+ *5 46 



9 50 '5 



By Baper : Index corr. + 3' 5°*» dip — 
4' io% ref. — 5' 31*, par. + 8*, semid. + 
15' 46*. True alt. 9 50' 3*. 



Polar dist 

Latitude 

Altitude 

Sum 

Half sum 

Remainder 

Half azimuth 



67° 14' 47* 

50 53 o 

9 5o '5 

127 5 8 * * 

63 59 « 

3 *J 46 



sec. 0*200038 
sec. 0006434 



cos. 9*642097 

cos. 9*999295 

2)19*847864 



True azimuth 
Magnetic azimuth 

Error of compass 



N. 65°5i'4D'W. 
N. 69 o o W. 

3 8 20 E. 



57 4' 10" sine 9'9 2 393* 

2 



True azimuth 8. 1 14 8 20 W. 

180 o o 



or, N. 65 51 40 W. 



The true and magnetic azimuths being 
reckoned from opposite points, the true is 
taken from 1 8o°, and the remainder reckoned 
from the opposite point, whence true azimuth 
is N. 65 52' W. The true azimuth being 
to the right of magnetic, the errorof compass 
is East. 

To find the Deviation. 
Error of compass + 3 8'E. 
Variation — 4 o W. 

Deviation -(-7 8 E. 



Ex. 4. 1876, February ioth, at 8 b i m a.m., mean time at ship, latitude 50 48' N., longi- 
tude 77 30' W., sun's bearing by oompass S.E. by E. £ E., observed altitude sun's l.l. 
7 10' 40% index oorreotion — i* 6*, height of eye 15 feet: required the true azimuth and 
error of oompass ; variation 14 o' W. 



Ship date, M.T., Feb. 
Long. 77 30' W. 



Feb. 



Green, date, M.T., Feb. 



9 d 20 h 2 m 

-i- 5 IO 

9 25 12 

— 24 

10 1 12 



Hourly diff. decl. noon — 48"*55 
Time from noon i b i2 m X 1*2 



Correction 
DeoL ioth, noon 

Bed. declination 
Polar distance 



— 58"-26o 
14 27 36 S. 

14 26 38 S. 
90 

104 26 38 



Obs. alt. 0's l.l. 
Index oorreotion 



Dip for 15 feet 

Correction of altitude 

Semi-diameter 
True altitude 



7 10' 40* 
— 1 6 



7 


9 34 
3 4* 


7 


5 5* 
7 6 


6 

+ 


58 46 
16 14 


7 


*5 



By Baper : Index corr. — 1*4% dip — 
3' 50*, ref. — 7' 10*, par 4. 9% semid. + 
16' 14% true alt. 7* 14' 50*. 



Variation by an Atimuth. 
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Polar dirt. 

latitude 

Altitude 

Bun 

Half sum 

Remainder 



104? 26' 38* 
50 48 o 860. 
7 15 o sec. 



0*199263 

0*003486 



162 29 38 



28°II' 

3 

True azimuth 8. $6 22 E. 

Mag. az. (8.E. by E. J E.) S. 59 4 E. 



81 14 49 006. 

23 II 49 COB. 



9182347 

9'9 6 33*9 
2)19-348485 



Error of compass 
Variation 



+ 2 42 E. 
— 14 oW. 



Deviation 



+ 16 42 E. 



Halfasimuth 2 8° 11' 7* sine 9*674242 



The error is East, the true azimuth 
being to the right of the magnetic. 



Ex. 5. 1876, January 21st, at to** 14™ a.m. app. time at ship, lat. 39 3' 8., longitude 
96° 28' E., gun's bearing by compass E. 2 30' 8., observed, altitude sun's u.l. 46 15*, index 
correction — 2' 43% height of eye 19 feet : required the true azimuth and error of compass ; 
tarnation 17 o' W. : find the deviation. ' 



Ship date, M.T. Jan. 
Long. 96 28' E. 

Green, date, M.T. Jan. 

Hourly diff. 21st, noon 



20** 22 h 14™ o» 
— 6 25 52 

20 15 48 8 

— 33*'i7 
X 8*2 



Correction 

Bed. aist, noon, page I 

Red. decl. 

Polar distance 
Polar dist. 69° 56' 30* 



Altitude 




39 3 
45 5' ° 


8am 




'54 50 3° 


Half sum 




77 25 15 


Polar dial - 


-do. 


■ 7 ** 45 



True azimuth 



39 n' 4' 



78 22 8 



6634 
26536 

6,0)27,1*994 

+ 4' 3** 

19 58 58 S. 

20 3 308. 

69 56 30 

sec. 0*109805 
sec. 0*157054 



cos. 9*33 8o 35 

cos. 9*996289 

2)19*601183 

sine 9*800591 



Obs. alt. O's u.l. 
Index correction 



Dip for 19 feet 



Correction of altitude 



Semi-diameter 
True altitude 



46*15' of 

— * 43 

46 12 17 

— 4 11 

46 8 6 

— o 49 

46 7 17 

— 16 17 

45 5i o 



By Raper : Index oorr. — 2' 43*, dip 

- 4' 15*, ref. — 56*, par. +■ 6% semid. 

- 16' 17*, true alt. 45 50' 55*. 

True azimuth * N. 78°2i'E. 

Mag. azimuth N. 92 30 E. 



Error of compass 
Variation 



Deviation 



— 14 8 W. 

— 17 oW. 

+ 2 5* E. 



In this example the best way is to 
reckon the magnetic azimuth from the 
North, the same as the true ; thus from 
N. to E. is oo°, and from E. to E. 2 30' 8., 
is 2 30' ; therefore, the magnetic azimuth 
is N. 92 30' E. 



Ex. 6. 1876, June 1st, at 9 h 40** a.m. mean time at ship, latitude 6o° N., longitude 
40 20' W., observed altitude sun's l.l. 44 48' 50*, index correction + 3* *l"> height of eye 
18 feet, sun's bearing by compass 8. £ W. : required the true azimuth and error of compass ; 
▼•nation 5 1° 15' W. 

The Greenwich date is June i d o h 2i m 20*. True altitude (Norie) 45 3' 0% hourly diff. 
of decL i9**8i X J h = 7% which, added to decl. June ist at noon, viz., 22 8' 52* N., gives 
he red. decl. 22 8' 59" N., polar distance 67° 51' 1", sum of logs. 19*2204.55, true azimuth 
6. & 6' E. 



28« 



Variation by an Azimuth. 



True arimuth S. 48° 6" 16* E. 
S. i point W. = Mag. azimuth S. 5 37 30 W. 

Error of oompaas — 53 43 $6 W. true azimuth left of mag. 
Variation — 51 15 o W. 



Deviation — 1 a8 56 W. because error ia left of variation 
FiTAaTPT.KB FOE PRACTICE. 

In each of the following examples it is required to find the true azimuth, 
also the error of compass and deviation for the position of the ship's head at 
the time of observation. 



No.: 



1 

2 
3 

4 

i 
l 

9 
lo 

11 

it 

»3 

15 

16 

\l 

19 
to 
21 
22 



Civil date. 
1876. 



Jan. 24th 

Feb. 28th 

March 27th .. 

April 3rd 

May 27th 

June 20th 

July 31st 

Aug. 23rd 

Sept. 1st 

Not. 25th. 

Deo. 17th. 

July 3rd 

Jan. 6th 

April 25th 

Jan. 29th 

Feb. ist 

March 26th .. 

Feb. 26th 

June 21st 

Sept. 11th 

April 25th 

March ist 

1877, Jan. ist 



M.T. ship. 



8*22- 



3 l t 



20 

3 

10 

46 
54 
47 
7 
lo 



9 
6 
8 

5 
3 
4 
9 

8 26 

5 a 

7 56 
3 36 
3 44 

9 5 
48 

22 

o 

8 50 

o 35 

9 27 



35' *•*• 

O P.M. 
40 P.M. 
O P.M. 
A.M. 
P.M. 
A.M. 
A.M. 
P.M. 
P.M. 
A.M. 
A.M. 
P.M. 
A.M. 
P.M. 
P.M. 
A.M. 
P.M. 
P.M. 
A.M. 
A.M. 
P.M. 
A.M. 



20 
O 

3 ? 
58 

50 

o 

30 
50 

14 
41 

35 

5i 
50 
o 
o 
o 
o 
o 
lo 



Latitude. ' Longitude. 



26° 5' 8. 
38 46 N. 

4 22 N. 
49 59 N. 
55 oN. 

41 4? N. 

38 18 N. 
51 10 N. 
10 40 S. 

39 58 8. 
29 10 S. 

32 10 S. 

47 46f. 
27 20 s. 

42 26 N. 

33 5 i 2r" 

43 6 W- 

5 oN. 
6640N. 
37 © 8. 

15 30 N. ; 

o o 



5o°53'W. 
97 16 W, 

53 7E- 
169 58 E. 

1 as* 

,11 26 w. 
65 4 w. 

^5 *° y- 

138 42 E. 

50 5* W. 
26 53 W. 
62 o E. 

& lx £; 

86 4J W. 
49 18 W. 
20 37 E. 

51 2 W. 
167 o E* 

55 *> W. 
19 o W. 
74 30 E. 

>5 o E. 

o 25 E. 



£ 



■I- 



Sun's 

bearing by 

oompaas. 

E. by N. 

8, 4a 36' W. 
WbyN. 

West 

S. 61 45 E. 

N. 43 20 W. 

S. 75 20 E. 

N. 66 20 E. 

W.f N. 

w.Jn. 

S. 84 20 E. 
N. 62 o E. 
N. 84 40 W. 
N. 61 50 E. 

W. 9 10 8. 
N. 70 50 W. 

8. 44 50 E. 
N. 118 34 W. 

N. jE. 
K. 44 50 E. 

s.E: 



Obs. 1 Ht. 
alt. sun's of j Variation. . 



38°2y lo 
26 57 14 

29 3° 50 
11 43 
43 » 



o 
51 



16 40 20 



3 



43 
7 
30 4 

33 5i 



51 
M 



x 

XI 



26 37 
18 



58 

o 

10 

o 

13 

37 
27 
55 

*3 38 46 

39 56 10 

32 40 

60 37 

15 38 
42 28 

4« 55 

66 14 

45 10 50 



tl 



17 
20 

S 

18 
18 

*5 
15 

3 
3 

30 
16 

18 

18 

19 
18 

20 
13 

X2 



16 I 4 °36'E. 

11 30 E. 
3 3oW. 
9 xoE. 

15 45 W. 
23 oW. 

8 50 W. 

25 30 E. 
3 30 W. 

9 22 E. 
9 45W. 

17 oW. 
33 15 W. 
14 30 W. 
20 30 w. 
29 40 w. 

26 oW, 
9 »5 E. 

67 50 W. 

12 20 w. 
2 30 E. 
o o 

21 



17 



oW. 



ON FINDING THE LATITUDE BY. REDUCTION 

TO THE MERIDIAN. 



302. The latitude of a place is most simply determined by observation of 
the meridian altitude of a known heavenly body. When such an observation 
cannot be obtained by reason of the state of the weather, the altitude of the 
body may often be obtained a little before or a little after its meridian pass- 
age. And if at the time of observing such an altitude near the meridian, the 
hour-angle of the body is known, we may find by computation very nearly 
the difference of altitude by which to reduce the observed to the Meridian 
altitude. The correction is called the " Reduction to the meridian." This 
method, in point of simplicity, is little inferior to the meridian altitude, to 
which it is next in importance. The altitude may also be determined by a 
direct process, deduced from spherical trigonometry. The former is the method 
used in the following pages. The Term " near the meridian " implies a 
meridian distance limited according to the latitude and declination, and also 
the degree of precision ffith which the time is known (see Baper, Table 47)* 



A^ 



C\ 



'A 



V r 

A. 



A 



Ibduetion to Meridian. 



r 



I ' 
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Ex 2. 1876, February 6th, a.m. at ship, lat. acot. 51* 50' N., long. 105 41' "W., oba. alt. 
sun's l.l. 8outh of observer 22 10' 30", index oorr. -f- 56", height of eve 22 feet, time by 
watch 6* 1 o h 4a 4% found to be 28 m 47" fast on app. time at ship, diff. of long, made to East 
29*8 miles since error of watch on app. time at ship was determined : required the latitude 
by reduction to meridian. 



Time by watch, February 6 d o* 4 m 4" 
Watch /art — 28 47 



tv- , «o/-8 X4 
DuT. long. fo 



5 n 35 *7 

+ * 59 



App. time at ship, February 5 d 23 h 37 m i6 i 
Long. 105° 41' W. + 7 2 44 

Greenwich date, February 6 6 40 o 



App. time at ship, February 5 23 37 16 

24 o o 



or, 



6*-67 



Time from noon, February 6 o 22 44 



Hourly diff. 

5h 40 m = 



Obs. alt. ©'■ l.l. 
Index correction 



Dip 

Correction ef alt 

Semi-diameter 

True altitude 

Method I 



22 Q IO' 3O* 
+ 5f 

22 II 26 

— 4 30 

22 6 $6 
2 II 

« 4 45 
+ 16 15 

22 21 o 



— 46**02 
X 667 

32214 
27612 
27612 

^0)30,6-9534 

5' r 



Declination, page I, N.A. 
Feb. 6th, noon, 15° 43' 7* S. dear. 
Correction — 57 



260 

Time from noon 22 a 44 B rising 3*689030 
Latitude 51* 50' 00s. 9*790954 

Declination 15 38 00s. 9*983629 

2926 nat. no. 3*466213 

2926 
True altitude 22* 21' o* nat. sine 380263 

Zen. distance 67°^ 8 V N. nat. 00s. 383189 
Declination 15 38 o 8. ■ 

Latitude 51 50 7 N. 

(The nat. trine being worked to six plaoea of figures, 
1 is added to index or log. rising). 



Redded. 15 38 oS. 

Method II. 



Constant log. 

Latitude 51*50' N. cos. 

Declination 15 38 S. cos. 
Mer. zen. dist. 67 28 cosec. 
T. from noon 22 n> 44" log. 



5615455 

9790954 
9*983629 

0*034489 
7'39°540 



6>°)°5i3 log- 2*815067 



Reduction 
True altitude 



+ 10' 53* 

22° 21 O 



Mer. altitude 22 31 53 

Zenith distance 67 28 7 K. 
Declination 15 38 o S. 



Latitude 51 50 7 N. 

Method III.— By Tou>*ori$ Bx-M$ridian Tables. 



0's Red. declination 
Aug. Table 1, Index 57 

Augmented declination 



15*38' o'S. 
4- 4 *3 

15 4* *3 



True altitude 

Aug. Table 2, Index 57 



Meridian sen. dist. 
Augmented declination 



Latitude 
Mithod IT. 

lime from -noon 22*44" = 5*41' 8ec - 0*002140 

15° 38' S. tang. 9*44^898 



Declination 
Arc I 

AroII 
Latitude 



15 42 24'B. tang. 9 , 449°38 
67 32 32 N...... ..•••«• »..,.. 



True alt. 22* 21' 



22* 21' O* 
+ 635 

22 27 35 

67 32 25 N. 
15 42 23 8. 

51 50 »N. 



cosec. 0-569473 



sine 
sine 



9*432508 
9580085 



00a. 9/5&2066 



51 50 8 K. 
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Reduction to Meridian. 



Ex. 3. 1876, April 7th, a.m. at ship, lat. by acct. 58 50' N., long. 51 42' W. f obs. alt. 
sun's l.l. South of observer 37 42' 15 ", index corr. — 1' 6\ height of eye 10 feet, time by 
watch 7 d o h 59 m 50", found to be i l » 2i in fast on apr>. time at ship, the diff. of long, made to 
East was 20*7 miles after the error on apparent time at ship was determined : required the 
latitude by reduction to meridian. * 



Time by watch, April 
Watch fast 

April 

Diff. log. ■» £** 

App. time at ship, April 

Time 'from noon, April 

Obs. alt. ©'■ l.l. 
Index correction 



Dip 

Corr. altitude 

Semi-diameter 
True altitude 



7 d o b 59 m co B 
— 1 22 o 



App. time at ship, April 6 d 23 h 39 m i3« 
Long. 51 42' W. + 3 *° 48 



6 23 37 5° 
+ « 2 3 

6 23 39 13 

24 o o 

7 o 20 47 

37° 4»' *5* 
— 1 6 



Greenwich date, April 



7 3 6 



or, 3 h *i 



37 4i 9 

— 3 * 

37 38 7 

— 1 7 

37 37 o 

+ 16 o 

37 53 ° 



Method I. 



1300 

Time from noon 20 BB 47* rising 2*612340 

Latitude acct. 5 8 ° 5°' COB - 9*7*3935 

7 7 cot. 9996639 



Declination 



2110nat.no. 2324214 



True altitude 37° 53 



nat.no. 21 10 
nat. sine 614056 



Mer. zen. dist. 51 57 48'N. nat. cos. 61 61 66 
Declination 7 7 8 N. 



Latitude 



59 4 5* N * 



By Raper : True altitude 37 53' 2" 

H.D. s6*'*S 

3 h 6**= 3'i 

5615 
16845 

6,0)17,4*065 

* 54 

Decl. apparent noon 
7 th 7 4' 14' N. 

Correction + 2 54 

Red. deol. 7 7 8 N. 
Method II. 

Constant log. 5 6l 5455 

Latitude D.R. 58°5o'N. cos. 9*7*3935 

Declination 7 7 N. cos. 9*996639 

Mer. zen. dist. 51 43 cosec. 0*105167 

Time from noon 20«»47 i log. 7*312710 



Reduction 
True altitude 



6,0)55,5 log. 2*743906 

+ 9' "5* 

37°53 o 



Meridian altitude 38 2 15 



Zenith distanoe 
Declination 

Latitude 



5' 57 45 N. 
7 7 8 N. 



59 4 53 N * 



Method IIL—By Tomori* Ex-Meridian Tablet. 



0's red. declination 
Aug. Table 1, Index 53 

Augmented declination 



8"N. 

+ * 44 



7° 7 



7 8 52 N. 



True altitude 

Aug. Table 2, Index 53 



Mer. zen. dist. 
Augmented declination 



3 7°53* o*N. 
+ 11 3 N. 



",l 



38 43 *//■# 



Latitude 
Method IV. 
Time from noon 20*»47 i = c° 1 1' 45" sec. 0001788 



Declination 
Axel 

Axon 



7° 7 



8*N. 



5i 55 57 N. — * 
7 8 52 N. fflf 

59 4 49 N. 7 

sy 

, cosec 0*906828 






7 » 53 N. 
5* S« 5 N. 



tang. 9*096532 

tang. 9*098320 sine 9*094938 

True alt. 57 53' sine 9788208 

mum <tt* 9189974 



*>-* <* (/** 



59 4 5* *• 

**V 






Seduction to Meridian. 
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Ex. 4. 1876, August 7th, a.m. at ship, lat. acct. 40 52' N., long. 36 47' W., obe. alt. 
sun's l.l. South of observer 65° i'j index coxt. + 17', eye 14 feet, time by watch n h J5 m 46% 
found to be a6 m i6» slow of app. time at ship, the diff. of long, made to East was 17 miles 
after the error on app. time at ship was determined : required the latitude. 

Time by watch, Aug. 6 d 23 h i5 m 46» App. \imo at ship, Aug. 6 d 23 h 43 ln Io• 



Watch slow 



Diff. of long. 



-\- 26 16 

6 23 42 2 
+ 1 8 



App. time at ship, Aug. 


6 23 43 10 




24 


Time from noon, Aug. 


7 16 50 


Obs. alt. Q's l.l. 
Index correction 


65° 1' 
+ »7 


Dip 


6$ 1 17 
— 3 36 


Corr. altitude 


64 57 4i 
— 23 


Semi-diameter 


64 57 18 
+ 15 49 



Long. 36 47' W. + 2 27 8 

Greenwich date, Aug. 7 2 10 18 
By Baper : True altitude 6tf 13' 3" 



H.D. 

2 h lO 1 " = 



True altitude 65 1 3 7 

Method I. 
Time from noon i6 m 5o s rising 3*430750 
Latitado 40°5* / cos. 9*878656 

Declination 16 15 cos. 9/982297 

1958 nat. no. 3*291703 

nat. no. 1958 
True altitude 65 1 3' 7* nat. sine 907913 

» 

Zen. distance 24 30 45 N. nat. cos. 909871 
Declination 16 14 55 N. 

Latitude 40 45 40 N. 



42^34 

X 22 

8468 
8468 

6 >°)9>3'i48 



*'33 # 

Decl. apparent noon. 
Aug. 7th i6°i6'a8'N. 
Correction — 1 33 

Red. decl. 16 14 55 N. 



Method II. 

Constant log. 5 , *S*5455 

Latitude acct. 4o°52 / N. cos. 9*878656 

Declination 16 15 N. cos. 9*982297 

Mer. zen. diet. 24 37 cosec. 0*380325 

Time from noon i6 m 50» log. 7 * 1 29720 



Reduction 
True altitude 



6,0)96,9 log. 2*986453 

+ ««' 9" 
65° 13 7 



Meridian alt. 65 29 16 



Mer. zen. dist. 
Declination 

Latitude 



24 30 44 N. 
16 14 55 N, 



40 45 39 N. 



Method III.— By Tow&oWs Ex-Meridian Tablet. 

Q*8 red. declination 16 14' ss" True altitude 

+ 2 30 



Aug. Table i, Index 33 
Augmented declination 



16 17 25 N. 



Aug. Table 2, Index 33 

Augmented altitude 

Zenith distance 
Augmented declination 



Latitude 



65*13' 1" 
+ 19 2 

65 3» 9 

24 27 51 N. 
16 17 25 N. 

40 45 16 N. 



Time from noon 
Declination 

Arc I 



ArcII 
latitude 



4 a 12' 30* 
16 14 55 N. 



Method IV. 
sec. 0001173 



tang. 9*464560 cosec. 0*553143 



16 17 25 N. 
24 28 10 N. 




sine 


9*447940 
9'958o45 

9*959128 


True alt. 6$° 13 7* 





40 45 35 N. 



( }j*&AiA<r«) 4U -*,r- *- * 
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Reduction to Meridian. 



Ex. 5. 1876, March 9th, a.m. at ship, lat. aoct 30 21' 8., long. 16 45' W., obs. alt. son's 
l.l. North of observer was 63° 37', index oorr. — 1' 57*, eye 21 feet, time by watch, March 
8* ai h 49™ 25* (being 9 b 49™ 25 s a.m. on 9th), found to be i h 59°* IO " ** w <» apparent time 
at ship, the diff. of long, made to East was 23} miles after the error on apparent time at 
■hip was determined : required the latitude. 



Time by watch, March 
Watch slow 



8 d 2i h 49 m 25« 
1 59 10 



Diff. long. *3';5X4 

App. time at ship, March 

Time from noon, March 

Obs. alt 0's l.l. 
Index correction 

Dip 

Oorr. of alt. 

Semi-diameter 

True altitude 

Method I. 

Time from noon 9 m 5i t rising 2*965410 

3o°2i' cos. 9*935988 
4 13 cos. 9-998820 



»3 

+ 


4« 
1 


35 
34 


8 »3 50 


9 


9 ° 


9 5' 


«3° 


37 
1 


0' 
57 


«3 


35 3 

4 *3 


«3 


30 40 
*4 


«3 

+ 


30 
16 


16 
8 



Ship date (A.T.) March 8*23*50-* 9* 
Leng. in tune 170 

Green, date (A.T.) March 9 o 57 9 

or, 0*95 

Hourly diff. 58^*69 

h 57 » = o . 05 

*9345 
52821 



Correction 



55'7555 



or, 56* 



63 46 24 



Latitude 
Declination 



nat. no. 795 log. 2*900218 

nat. no. 795 

True altitude 63°46' 24* nat. sine 897052 

Mer. Z. dist. 26 7' 25*8. nat. cosine 897847 
Declination 4 13 18 S. 

Latitude 30 20 43 S. 



Deol. app. noon, page I, N.A. 
March oth 4 14' 14' 8. door. 
Correction — s& 

Bed. deol. 4 13 18 S. 

Method II 

Constant log 5 '615455 

Latitude 3o°2i' o'S. cos. 9*935988 

Declination 4 13 18 8. cos. 9*998520 

Mer. Z. dist. 26 7 42 cosec. 0*356170 
T. from noon 9 m 5" J log. 6*664380 



Reduction 
True altitude 



6»37,»* kg- *'57°**3 

+ 6' 12* 

63 46 24 (By None). 



Mer. altitude 63 52 36 



Zen. mer. dist. 
Declination 

Latitude 



26 7 24 S. 
4 13 18 8. 



30 20 42 8. 



Method III— By Towxm's Ex-Meridian Tables. 

0's red. declination 4° 1 3' 1 8"S. True altitude 

Aug. Table 1, Index 12 + 13 



O's Augmented declination 4 13 318. 



Aug. Table 2, Index 13 

Augmented altitude 

Zenith distance 
0's Augmented deol. 



63*46' 24' 
+ 6 27 

63 5* 5* 

26 7 98. 
4 13 3 1 s - 

30 20 40 8. 



Latitude 
Method IV. 
Time from noon 9 m 51* = 2 27' 45* sec. 0*000400 

Declination 4 13 18 tang. 8*868150 00800.1-133031 

— — — — — ■■ ... I, 

Arc I 4 13 32 8. tang. 8*868550 sine 8367367 

True aK. 63 46' 24* sine 9 9518 1 8 



Arc II 
Latitude 



26 7 12 8. 
30 20 44 S. 



cos. 9*953* ! * 



Reduction to Meridian. 
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Ex. 6. 1876, Sept. 23rd, p.m. at ship, lat. acct. 51 2' N., long. 173° 53' E., obs. alt. sun's 
l.l. South of observer 38 44' 20*, index corr. 4* *' 8 y > height of eye 21 feet, time by watch 
50** o», (or 23 d o h 50™) found to bo 39™ z*fast on app. tiuio ut ship, diff. of long, made to 
West was 8*2 miles after the error on app. time was determined : required the latitude. 



Time by watch, Sept. 23 d o h 5o m o« 
Watch fast — 39 2 

23 o 10 58 
Diff. of longitude — 33 



App. time at ship, Sept. 23 d o h io m 25» 
Long. i73°53'E. — 11 35 32 



Greenwich date, Sept 



22 12 34 53 



App. time at ship, Sept. 23 o 10 25 
Time from noon 23rd is 10 25 



Obs. alt. 0's l.l. 
Index correction 



Dip 

Corr. altitude 

Semi-diameter 

True altitude 

Method I. 

Time from noon io nc 25 B 
Latitude 51° 2' 

Declination 7 



38*44' 20* 

38 45 28 
— 4 23 



38 41 



5 

4 



38 40 1 
+ '5 59 

38 56 o 



By liaper : True altitude 3 8° 55' 55- 

H.D. — 58^50 

i2 h 35 m X 12*6 

35 IO ° 
1 1700 

5850 

6,o)73»7 #I oo 
12' 17' 

Decl. page I, N.A. 
Sept. 22nd o° 4' 58* N. iter. 
Correction — 12 17 



rising 301399 
cos. 9*798560 
cos. 9*999999 



650nat.no. 2*812549 

nat. no. 650 
True altitude 38° 56' nat. sine 628416 

Mer.zen.dist. 51* 1' 7*N. nat cos. 629066 
Declination o 7 19 S. 

Latitude 50 53 48 N. 

In taking out log. rising for ic m 25*, it will be 
noticed that the index given at the beginning of the 
line is £, meaning that the index at the commence- 
ment of the line is 1, but that it changes somewhero 



Red. decl. o % 19 S. 

Method II. 

Constant log. 

Latitude acct. 51° 2' N. 
Declination o 7 

Zon. dst. byD.R.51 9 
Time from noon Io ,n 25• 



5-61546 
cos. 9*79856 
cos. . 9*99999 
cosec. 01 0855 
log. 671296 



Reduction 
True altitude 



6,0)17,2 log. ■ 2*23551 

+ 2' 52* 
38*56* o 



Meridian altitude 38 58 52 



Mer. zen. dist. 
Declination 

Latitude 



51 1 8N, 
o. 7 *9 S. 



along tho line, which may easily be known by 
observing that when the first figure of the decimal 
pert of tho log. changes from 9 to o, the index 
changes from 1 to 2. 

Method III. — By Towsoris Ex-Meridian Tables. 



50 53 49 N - 



O's Red. declination o° 7' 19*8. 

Aug. Table 1, Index 13 -f- o 

Augmented declination o 7 19 S. 

As the decl. is less than any given in the head of 
Table I, augmentation is alone required. In this 
ease enter Table I, under least declination, and with 
given hour-angle find corresponding Index number ; 
with this and the altitude, augmentation II is deter- 
mined as is other cose. 



True altitude 

Aug. Table 2, Index 13 

Augmented altitude 

Zenith distance 
Augmented declination 

Latitude 



38°5*' o v 
+ 2 47 

38 58 47 

5 1 1 13 N. 

o 7 19 B, 

5° 53 54 N. * S~ v ■ 6 - r ^ 



Ex. 7. 1876, May 5th, p.m. at ship, latitude account 5° 13' N., longitude 6i° E., observed 
altitude sun's l.l. 78° 41' N., eye 17 feet, time by watch 5'* i m 7*, which wa,s found fast 
4 k 50°* 57*, difference of longitude made since, 20J miles West. 

App. time at ship, May 5 d o h 8 m 48* Green, date app. time, May 442c* APtf* 

Time from noon ia 8 48 

QQ 



*9* 



Red tit t ion to Mrn'dmn. 



Hourly diff. 5th noon, 42**34 X Green, time 3^92 = i65**9728 -f-6o= 2' 46% decL noon 
5th, 16 26' 4* N. — 2 46* = red. decl. 16 8 23* 18" N. 



By Norie : True altitude 78' 52' 47". 
Method I. 



Time from noon 
Latitude acct. 
Declination 



8 m 48 - rising 2*867510 

5° 1 3' cos. 9-99-8 197 

16 23 cos. 9*981986 

704 log. 2-847693 



nat. no. 704 
True altitude 78*52' 47* nat. Bine 981227 



M. Z. diet. 10 54 31 S. nat. cos. 981 931 
Declination 16 23 18 N. 

Latitude 5 28 45 N. 

This example cannot bo solved by means 
of Towson's Ex-meridian Tables, as the 
altitude exceeds the limits of the Tables. 



By Raper : True altitude 78 52' 36*. 
Method 77. 

Constant log. 5*61546 

Latitude DR. 5°i3 # N. cos. 9*99820 

Declination 16 23 N. cos. 9*98199 

Mer. zen. dist. 11 10 cosec 0*71276 

Time from noon 8 m 48* log. 6*56649 

6,0)75,0 log. 2*87489 

Reduction +12' 30* 

True altitude 78°52 47 



Meridian altitude 79 517 



Mer. zen. dist. 
Declination 



Latitude 
EXAMI>LK8 FOR PRACTICE. 



10 54 43 S. 
16 23 18 N. 

5 *» 35 N, 



Ex. 1. 1876, January 4th, a.m. at ship, latitude by account 34 47' N., long. 27 12' W., 
observed altitude sun's l.l. South of the observer was 32 12' 10*, index corr + 4' 19% height 
of eye 28 feet, time by watch o h 13™ 24% which had been found to bo 25™ 35*/^ of app. 
time at ship, difference of longitude made to West was 29**2 after the error on apparent time 
at ship was determined : required the latitude. 

Ex. 2. 1876, February 28th, p.m. at ship, lat. acct. 43 46' N. } long. 12 31' W., obs. alt. 
sun's l.l. 38 1' 15* S., index corr. — 5' 10*, eye 23 feet, time by watch 22™ 3**, which had 
been found to be 8 m 14* fast of app. time at ship, diff. of long, made to East was 14' after 
error on app. time at ship was found : required the latitude. 

Ex. 3. 1876, March 20th, a m. at ship, lat. acct. 41° 24' S., long. 105° E., obs. alt. sun's 
l.l. 47 46' N., index corr. + 26*, eye 22 "feet, time by chron. 19*- i6 h 58 m 12 s , which had 
been found to be 6 h 34*° 34" alow on app. time at ship, diff. of long, made to East was 23' 
after the error on app. time at ship was determined : required the latitude. 

Ex. 4. 1876, April 21st, a.m. at ship, lat. acct. 39 54' N., long. 6° 6' E. y obs. alt. sun's 
l.l. 6i° 26' 35" S., index, corr. + ''» <?y© 18 feet, time by watch 2i d ofr 8 m 10% which had 
been found to bo 27™ o'fast of app. time at ship, diff. of long, made to East was 5' after the 
error on app. time at ship was determined. 

Ex. 5." 1876, May 29th, p.m. at ship, lat. acct. 37 15' S., long. 107 W., obs. alt. sun's 
l.l. 30 22' 30' N., index corr. + 49"> ©ye 22 feet, time by watch 29* 7 h 9 m 11% which had 
been found to be 6 h 36™ 56* fast on app. time at ship, diff. of long, made to West was 27' 
after tho error on app, time at ship was determined. 

Ex. 6. 1876, June 19th, a.m. at ship, lat. acct. 44° 24' N., long. 14 5' W., obs. all sun's 
l.l, 68° 37' 5* South of observer, eye 18 feet, time by watch n h /\o m 40", which was found 
to be 2 m 2* slow on app. time at ship, diff. of long, made to East was 32}' after the error on 
app. time at ship was determined. 

Ex. 7. 1876, July 16th, p.m. at ship, lat. acct. o° 38' S., long. 2 E., obs. alt. sun's l.l. 
67 41' (zen. S.), eye 15 feet, time by watch o* u m 9", found fast on app. time at ship 56', 
diff. of long, made since i£' to East. 

Ex. 8. 1876, August 30th, p.m. at ship, lat. acct. 41 5' N., long. 139 25' E., obs. alt 
sun's l.l. 57 20' S., index corr. -f- 2' 21% eye 14 feet, time by watch 22™ 22*, found to be 
18' slow of app. time at ship, diff. of long, made to West was 34'. 

Ex. 9. 1876, Sept. 9th, p.m. at ship, lat. acct. 9 20' N., long. 17 8° 30' E., obs. alt, aim's 
l,l. 85 19' (zen. K.), eye 20 feet, time by watch u h 59" 40% slow on app. time at sWp 
9» ai 1 , diff. of long, made to East was 10}'. 
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Ex. 10. 1876, Oct. nth, p.m. at ship, lat. acct. 45 51' N., long. 85 3' E., obs. alt. sun's 
i.l. 36° 38' 15* S., index corr. — 5' 15", eye 16 feet, time by watch io d i8 h 50™ 10 s which 
was 5 h 40 m i2» slow on app. time, diff. of long. 33' W. 

Ex. 11. 1876, Nov. 3rd, p.m. at ship, lat. acct. 32° 8., long. 109 39' E., obs. alt. son's 
l.l. 71 50' N., index corr. + 3 2 "> ©ye 18 feet, time by watch 2 d 22 h 22™, which was found 
2 h slow, diff. of long. 28'*7 West. 

Ex* 12. 1876, Dec. 23rd, a.m. at ship, lat. acct. 47 ° 22' S., long. 27° 3' W., obs. alt. sun's 
l.l. 65" 10' 15* N., index corr. + 45% eye 12 feet, time by watch n h 29™ 42", found to be 
i8 M 40* slow, diff. of long, was 36' East. 

Ex. 13. 1876, Jan. 5th, p.m. at ship, lat. acct. 8° 50' N., long. 130° 14' W., obs. alt. sun's 
l.l. 58 6' 10" 8., eye 21 feet, time by watch o h 2 m 40", found 13"* 48* slow on app. time, diff. 
of long, made since 16' Bast. 

Ex. 14. 1876, April 28th, a.m. at ship, lat. acct. 18 46' S., long. 34° 12' W., obs. alt. 
inn's l.l. 56 28' (zen. S.), index corr. + l ' 5"> e y° 2I ^ ee *» ^ mo ^7 watch 1 i h 49™ 50", found 
fast 2 n 17* on app. time at ship, diff. of long, made since 17J' West. 

Ex. 15. 1876, July 13th, a.m. at ship, lat. acct. 54 35' S., long. 152 20' W., obs. alt. 
son's l.l. 1 3 17' N., index corr. + 47*, oye 12 feet, time by watch 13 d 7 h $^ m 12% which 
had been found to be 8 h 14™ 17* fast on app. time at ship, diff. of long, made to West was 
34' after error on app. time was determined. 

Ex. 16. 1876, March 20th, a.m. at ship, lat. acct. 19 8., long. 33 33' E., obs. alt. sun's 
l.l, 70 21' N., index corr. — 2' io y , eye 16 feet, time by watch 8 m 17*, found fast on app. 
timo at ship z6 m 11 s , diff. long, made since 14 J' East. 

Ex. 17. 1876, April 12th, a.m. at ship, lat. acct. o°, long. 164 12' W., obs. alt. sun's l.l. 
8o° 30' N., index corr. — 5' 10% eye 21 feet, time by watch i2 d o h o m 2% fast on app. time 
at ship io°» 51% diff. of long, made to East 7 J'. 

Ex. 18. 1876, Sept. 1 6th, a.m. at ship, lat. acct. 42 36' S., long. 137 10' E., obs. alt. 
bud's l.l. 44 6' N., index corr. -f 2' 10", eye 19 feet, time by watch i6 d 8 h 4i m 43% which 
had been found to be 9* 2 m 47 'fast on app. time at ship, the diff. of long, made to West was 
14' after the error on app. time at ship was determined. 

Ex. 19. 1876, March 16th, a.m. at ship, lat. acct. 37 42' N., long. 6i° 40' E., obs. alt, 
son's l.l. 50 o' 30* S. t index corr. + 34 v > ©yo 15 feet, time by watch 10 11 S3 m 31% found slow 
on app. time at ship i h 3 m 22 s , diff. of long, made sinco 18' West. 

Ex. 20. 1876, December 31st, a.m. at ship, lat. acct. 52 N., long. 12 53' W., obs. alt. 
sun's l.l. 14 46' S., eye 19 feet, time by watch o h 56™, which was fast on app. time at ship 
i fc 5» 20», diff. of long. 21 '-4 West. 

Ex. 21. 1876, March 5th, p.m. at ship, lat. acct. 33 35' N., long. 78 E., obs. alt. sun's 
L.L. 49 53' 15* 8., index corr. — 3' 15*, eye 22 feet, time by watch 4 d 19 11 2™ 12% found to 
he^h 17m I2 i jj^ diff # of long, was 10' E. 

Ex. 22. 1876, September 22nd, a.m. at ship, lat. acct. 45 45' S., long, in 42' W., obs. 
alt. sun's l.l. 43 50' N., index corr. — 5' 40*, height of eye 18 feet, time by watch 
22 d 7* 41" io», found to be 8 h 4™ io*fast y diff. of long, was i3'*5 East. 

Ex. 23. 1876, December 23rd, p.m. at ship, lat. acct. 42 16' N., long. 4* 39' W., obs. alt. 
son's r.L. 24* 14' 10" 8., eye 11 feet, time by watch o h 50™ 58*, fast on app. time at ship 
19" 38% diff. of long. 2i''3 West. 



MERIDIAN ALTITUDE OF A FIXED STAR. 



EULE CIL 

Take from Nautical Almanac the star 1 8 declination. 

To the observed altitude apply the index firror f as the sign attached directs. 

3°. Subtract the dip answering to the height of eye (Table 5, Norie; Table 
30, Baper). 



i°. 

2°. 



3<*> 
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4°. Subtract the refraction (Table 4, Norie; Table 31, Raper), and thus 
get tie true altitude. 

5 . Subtract the true altitude from 90; the remainder is the tenith distance. 

6°. Mark the zenith distance N. or S., according as the observer is North or 
South of the star. 

7 . Underneath this last place the declination, and take their sum if they have 
the same names ; hut take their difference if they have unlike names ; the result, 
in either case, will be the latitude. 

The declination of a fixed star changes so slowly that it may be taken oat of the Nautical 
Alnuwac by inspection, without any practical error resulting ; a Greenwich date, therefore, 
is clearly unnecessary. 

8° IP hen the zenith distance and declination are of the same name, the latitude 

is ofihat name; when the %enith distance and declination are (/different names, 

the latitude takes the name of the greater. 

The stars are inserted in the Nautical Almanac in the order of their Right Ascension, from 
o h to 24 h ; it will, therefore, 'very much facilitate tho finding of the given star in the 
Nautical Almanac, to turn, in the first instance, to the three 
pages (297 — 299, Nautical Almanac, 1876, and seek the given 
star under the head "Mean Places of stars'* for January, 
and thence obtain the star's Right Ascension, which find at 
the top of one of the pages following 317 — 373, Nautical 
Almanac, 1876), which will give tho star, and the declina- 
tion will be found opposite the day in the side column which 
is nemrctt the given day. Tho degrees (°) and minutes (') 
are placed at the top of the column (as annexed), and the 
seconds (*) are ranged below, for the sake of economizing 
space in the second column below the name of the star. If 
the seconds exceed 6o v , only take tho oxcess of 60' and in- 
crease the minutes (') at the top by 1. Thus, on May 10th, 
(see table annexed) the declination of a Andromeda is 28° 22' 49* N., and on January 1st, 
the declination is 2 8° 23' 3* N., 62**8 being 1' 3*, which being added to 2 8° 22, which stands 
at the head of the column, gives the declination 28° 23' y. 

Examples. 



Date. 


a Andromedro i 
R.A. 'iDecl.N.; 




h im 


28* 22* | 


Jan. 1 


45-17 


62-8 i 


1 1 
21 

&c. 


45'°4 

44-90 
44-78 

&c. 


618 ; 

606 

59* 
&c. 


May 10 
20 
21 
&c. 


45'5° 
45*80 

46*12 

&c 


49*2 

49*9 

509 

&c. 



Ex. 1. 1876, Dec. 29th, long. 140 W., 
the obs. mer . alt. of tho star a Leonis (Hegulus), 
bearing South, was 52 7' 30*, index corr. 
— 27', height of eye 15 feet : required the 
latitude. 



Observed altitude of star 
Index correction 



Dip 15 feet 



5» v 



7' 30" 8. 
27 



Refraction 
True altitude 



Zenith distance 
Declination (K.A., p. 345) 



52 


7 3 
3 4* 


5* 


3 21 
44 


52 
90 


a 37 



37 
12 


57 23 

34 r 



Ex. 2. 1876, March 12th, long. io° E., 
obs. mer. alt. of the star Pollux, bearing 
North, was 71 59' 10*, index corr. + i' 15', 
height of eye 1 8 feet : required the latitude. 

Observed altitude of star 
Index correction 



Dip 18 feet 



Latstade 

By Raper: Index corr. 
3' co*, ref — 46", true alt 52 2 17", 
50* 3*' 34* N. 



50 31 24 N. 

27*, Dip — 
latitude 



Refraction 
True altitude 



Zenith distance 
Declination (N.A., p. 341) 

Latitude 



7i # 

+ 


59 

1 


io'N. 
15 


7* 




4 


a5 

4 


7i 


5* 


21 
18 


7i 
90 


56 



3 




18 
28 


3 57& 
19 33 N. 



10 15 36 N. 



By Raper : Index corr. -J- 1' 15*, dip — 
y io*, *ef. — 19', true alt. 7i # 55 56*, 
latitude io° 15' 29* N. 
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Ex. 3. 1876, March nth, long. 84 W., 
the obs. mer. alt. of the star a Argus 
{CcmopusJ, bearing South, was 37 ° 26' index 
corr. -\- 1' 12% height of eye 16 feet. 

Observed altitude of star 37°26' o*S. 

Index correction + * Ia 



Dip 16 feet 

Refraction 
True altitude 



Zenith distance 
Declination (N.A., p. 338) 

Latitude 



37 27 12 

— 3 50 

37 23 2a 

— * »5 

37 « 7 

90 o o 

5* 37 53 N, 
5* 37 53 8. 



By Raper : Index corr. + 1' 12*, dip — 
4' 0% ref. — 1' 16", true alt. 37 21' 56*, 
latitude o° o' n'N. 



Ex. 4. 1 876, January ist, long. ioo° E., 
the obs. mer, alt. of the star a Cams Majoris 
(SiriusJ, bearing South, was 59 59' 50*, in- 
dex corr. + 4' 12*, height of eye 24 feet. 

Observed altitude of star $9° 59' 5°* &• 

Index correction + 4 12 



Dip 24 feet 

Refraction 
True altitude 

Zenith distance 
Declination (N.A., p. 339) 

Latitude 

By Raper: Index corr. + 4' 12', dip — 
4 50% ref. — 34*, true alt 59° 58' 38', lati- 
tude 13 28' 38* N. 



60 


4 2 
4 4* 


59 59 20 
— 33 


59 58 47 
90 


3° 
16 


1 13 N. 
3* 44 S. 


13 


28 29 N. 



Examples fob Practice. 



In each of the following examples it is required to find the latitude : — 



NO. CIY1L DATK. 



LONG. 



1876. 

i. Nov. 7 th, 90°W. 

2. Jan. ist, 27 W. 

3. Aug. 19th, 84 E. 

4. Dec. 22nd, 82 E. 

5. April nth, 142 W. 

6. June 10th, 151 E. 

7. Dec. 27th, 91 W. 

8. Nov. 30th, 24 W. 

9. Feb. 2nd, 76 E. 

0. June ist, 97 E. 

1. May 22nd, 178 W. 

2. July 17th, 29 E. 

3. Oct 17 th, 165 E. 
4* March and, 1 54 "W. 

5. April 3rd, 1 1 1 E. 

6. Aug. 7th, 40 W. 

7. May ist, 8 E. 

8. Oct 29th, 5 W. 

9. March 31st, 36 E. 
o. Sept. 1 1 thy 12 W. 
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st An. 

a Andromeda 

a Aurigra (CapeUa) . . 
a Lyra (Vega) .•,..., 

aPersei.. 

a Virginas (Spica) ..... 

aEridani (Aehernar).., 
(Algmb) ... 
a Arietis ............ 

a Tauri (Aldsbaran) . . 

a 1 Crucis 

a Hydro • 

a Cygni • 

a Aquito (AltaW) 

a Oanis Majoris ( 'SiriusJ 
a Bootis (Arrturua) 

a Scorpii (Antare*) 

a* Gentauri • • • • 

a Pisois Australia (Rmalhaut) 

a Pegasi (MarkdbJ 

a Oassiopeeo ••..•••••....••• 



• • • • 
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OBS. ALT. 

75° 10' 30" S. 

54 o *5 N. 

50 o 20 N. 

51 51 45 N. 
63 14 30 8. 
40 10 25 8. 

78 16 45 8. 
68 23 o N. 

29 52 10 N. 
75 10 30 8. 

30 28 53 8. 
20 13 50 N. 
60 49 10 N. 
58 58 50 N. 

79 49 4o S. 
68 49 30 8. 

10 2 50 8. 

70 6 o N. 

33 20 50 N. 

62 24 50 N. 
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ORDINARY EXAMINATION. 



EXAMINATION PAPER 
To be imd by all Candidate* when appearing for Examination for tht firtt lime only. 

DEFINITIONS. 

TAt Candidate it rtquetUd to unit at ttatt ton of tht fallowing dtfinilimu. Tht writitng Aonid 
bt tltar, and tht lpeliiny thould not bt diiri/ardtd. 

i. — The Equator ia a great circle passing round the earth at an equal distance from the 
two poles. 

i. The Poles are the extremities of the axil of the earth. 

3. A Meridian ia a great circle passing through both polos, perpendicular to the eqoator. 

4. The Ecliptic is the great circle of the celestial sphere in which the sun appears to 
move in consequence of the earth's motion in its orbit. 

j. The Tropica of Cancer and Capricorn are the parallels of latitude 13" > 8' N. and S. 

6. Latitude is that portion of the meridian which is contained between tho equator and 
the giTen place, and ia reckoned in degrees, minutes, and seconds, 

7. Parallels of Latitude are small circles parallel to the equator. 

8. Longitude is an aro of the equator between the " first meridian " and the meridian of 
the place, 

9. The Visible Horizon is the circle bounding the spectator's view at sea, 

10. The Sensible Horiion is the plane on which the spectator steads, produced to meet 
the celestial concave. 

ti. The fiational Horizon is an imaginary plane parallel to tho sensible horizon, and 
passing through the centre of the earth . 

ti. Artificial Iloriion and its nse. It is a small shallow trough, containing quicksilver, 
or any other fluid, the surface of which affords a reflected imago of a heavenly body. It is 
used for observing altitudes on shore. 

1 j. True Course of a ship is the angle which the ship's track makes with the meridian, 
Or N. and B. line of the horizon. 

14. Magnetic Course (correct magnetic] is the angle which the ship's track makes with 
the magnetic meridian. 

1 j. Compass Course is tho angle which the ship's track makes with the N. and S. line of 
the compass card. 

16. Variation of the Compass is the angle which the magnetic needle, under the influence 
of terrestrial magnetism only, makes with the meridian. 

17. Deviation of the compass is the angle the compass needle makes with the (correct) 
magnetic meridian. 

Error of the Compass is the angle the compass needle makes with the true 

ing the combined effect of the variation and deviation. 

'ay is the angle included between the direction of the ship's keel and the 

the wake she leaves on the surface of the water. 

dian Altitude of a celestial object is tho angular height of that object above the 

n it Is on the meridian of the place of observation. 

intii of a celestial object is the are of the horison between the N. and 8. points, 

d circle drawn through the object. 
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22. Amplitude is the arc of the horizon between the East point and the centre of the 
object when rising, or the West point when setting. 

23. Declination of a celostial object is the arc of a circle of declination between the object 
and the equator. 

24. Polar distance is an arc of a circle of declination between the body and the pole 
(complement of the declination). 

25. Eight Ascension of a body is an arc of the equator, or an angle at the pole intercepted 
between the meridian passing through the first point of Aries, and that over the object. 

26. Dip is the angle through which the sea horizon is depressed in consequence of the- 
elevation of the spectator above the surface of the earth. 

27. Refraction is the correction to be applied to the place of a heavenly body as actually 
viewed through the atmosphere, which bends the rays of light which pass through it, into a 
position more nearly vertical, and thus causes the apparent places of the heavenly bodies to 
be above the true place. 

28. Parallax is a correction to red ace an altitude as observed from the surface of the 
earth, to what it would be if taken from the centre. It is the angle subtended at the object 
by that radius of the earth which is drawn to the place of observation. 

29. Semi-diameter of a heavenly body is half the angle subtended by the diameter of the 
risible disc at the eye of the observer. 

30. Moon's Augmented Semi-diameter is an increase of the moon's apparent dimension 
doe to increase of altitude, because the Moon's distance from the spectator decreases as the 
altitude increases. 

31. Observed Altitude is the angular distance of a heavenly body from the horizon, as 
observed with the sextant or other instrument. 

32. Apparent Altitude is the altitude of a celestial body as seen from the surface of the 
earth; or, the observed altitude corrected for index error and dip. 

33. True altitude is the altitude of a celestial body as seen from the centre of the earth ; 
that is, the apparent altitude corrected for refraction, semi-diameter, and parallax. 

34. Zenith Distance is an arc of a circle of altitude between the body and the zenith 
(complement of the altitude). 

35. Vertical circles are great circles passing through the zenith and nadir, perpendicular 
to the horizon. They aro also called Circles of Altitude, because altitudes are measured on 
them ; and Circle* of Azimuth, as marking out all the points that have the same azimuth. 

36. Prime vertical is a great circle passing through the zenith and nadir, and the East 
and West (true) points of the horizon. 

37. Civil time is the time used in ordinary life to record events. It begins at midnight 
and ends at the following midnight, and its hours are reckoned through twice 12, from 
midnight to noon, denoted by a.m. ; and then from noon to midnight, denoted by p.m. 

38. Astronomical Time is the time used in all astronomical calculations ; it begins at 
noon and ends at the following noon, its hours being reckoned from o h to 24 11 . 

39. Sidereal Time is the westerly hour-angle of the first point of Aries. 

40. Mean Time is the hour-angle which the mean sun is westward of the meridian. 

41. Apparent Time is the hour-angle of the apparent or true sun, always reckoning 
westward. 

42. Equation of Time is an angle at the pole between a meridian over the true sun, and 
one over the mean sun. 

43. Hour-angle of a Celestial Object is an angle at the pole included between the meri- 
dian of the observer and that over the object. 

44. Complement of an Arc or Angle is that aro or angle which must be added to it to 
make a right-angle (90°). 

45- Supplement of ditto is that angle which must be added to it to make tffo ilghi- 
tngles(i8o°). 
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EXAMINATION PAPER.— No. I. 

FOR SECOND MATE. 

Multiply 7654 by 95 by common logarithms. 
Divide 3654000 by 7308 by common logarithms. 
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Correct the courses for deviation, variation, and leeway, and find the courso and distance 
from the given point, and the latitude and longitudo in by inspection. 

4. 1876, January ist, in longitude 102° 41' W., the observed meridian altitude of the 
son's l.l. was 59 59' 50", bearing South, index error + 50*, height of eye 15 feet : required 
the latitude. 

5. In latitude 37 N., the departure made good was 89*2 miles : required the difference 
of longitude by parallel sailing. 

6. Required the course and distanoe from Toulon to Valencia, by Mercator's sailing. 

Lat. Toulon 43° 8' N. Long. Toulon 5 $& E. 

Lat. Valencia 39 29 N. Long. Valencia o 24 W. 

ADDITIONAL FOB ONLY MATE. 

7. 1875, January 6th: find the time of high water, a.m. and p.m., at Cherbourg and 
Portland Breakwater. 

8. 1876, January ist, at 8 h 4™ a.m. apparent time at ship, in latitude 50° 32' N., longitudo 
1 39° 51' W., the sun's magnetic amplitude E. by 8. J 8. : required the true amplitude and 
error of the compass ; and supposing the variation to be 23° 52' E. : required the deviation 
of the compass for the position of the ship's head when the observation was takon. 

9. 1876, January 29th, p.m. at ship, latitude 42* 26' N., observed altitude sun's l.l. 
1 3 40', index error — 1' 14*, height eye i6Teet, time by chronometer 29* 6 h 48 m 40% which 
was slow n n 22"' 3 for mean noon at Greenwich, December ist, 1875, and on January ist, 
1876, was 8 m 7« $hw for Greenwich mean noon : required the longitude by chronometer. 
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» ADDITIONAL FOR FIRST MATE. 

10. 1876, January 15th, mean time at ship 9* 39™ 44 1 a.m., latitude 23 39' 8., longitude 
127* 52' W., Bun's magnetic azimuth S. 103 E„ observed altitude sun's l.l. 55 8' 30'^ index 
error — 2 30*, height of eye 1 2 feet : required the true azimuth and error of the compass : 
and supposing the variation be 7 50' E. : required the deviation of the compass for the 
position of the ship's head at the time the observation was taken. 

1 1. 1876, January 17th, p.m. at ship, latitude by account 36 2' N., longitude 149° 28' E., 
observed altitude sun's l.l. South of observer was 32 54' 15', index error + 2' i8 f , height 
of eye 22 feet, time by watch 1 i h 59™, which had been found to be 2o m 24 s slow on apparent 
time at ship, the difference of longitude made to the West since the error of watch on app. 
time at ship was determined, was 39'* 2 : required the latitude by reduction to meridian, 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, January 24th, the observed meridian altitude of the star a Tauri (Aldcbaran) 
was 52™ 36 s bearing South, index correction — 23", height of eye 20 feet: required the 
latitude. 



DEVIATION OF THE COMPASS. 

N.B.— The Candidate is to answer correctly at least eight of such of the following questions as are marked 
with a cross by the Examiner. The Examiner will not mark less than twelve. 

1. What do you mean by Deviation of the Compass ? 

A. The deflection of the compass needle from the magnetic meridian caused by the 
attraction of the iron of the ship. 

2. How do you determine the deviation (a) when in port, (and b) when at sea P 

A. By bringing the ship's head successively upon each of the thirty two points of the 
Standard Compass, or on each alternate point) -and then (a) by taking reciprocal simul- 
taneous bearings ; or by the observer on board taking the bearings of a distant object whose 
correct magnetic bearing is known, or of some conspicuous object in a line with figures on 
a dock wall, (b) At sea, by bearings of well known conspicuous objects in a line on the 
the coast, or by amplitudes and azimuths and the known variation at the place of the ship. 

3. Havifig determined the deviation with the ship's head on the various points of the 
compass, how do you know when it is Easterly and when Westerly ? 

A. When the correct magnetic bearing of the distant object is to the right of the reading 
of the compass dh board, tho deviation is easterly, when to the Uft, westerly. 

4. Why is it necessary, in order to ascertain the deviations, to bring the ship's head in 
more than one direction P 

A. Because the deviation alters as the direction of the ship's head is changed. 

5. For accuracy, what is the least number of points to which the ship's head should be 
brought ? 

A. Eight; although, if the deviations be known on the four quadrantal points, N.E., 
8.E., S.W., and N.W., with the aid of Napier's diagram a good deviation curve may be 
formed. 

6. How would you find the deviation when sailing along a well known coast P 

A. By taking with the Standard Compass the bearing of two well defined objects in a 
line, aa fur instance, Lho hearings of two beacons, two lights, two points of land, not too near 
one another, and whose correct magnetic bearing is known, from the chart or otherwise • 
then the difference between the correct magnetic bearing and the compass bearing is the 
deviation for tho diiection of the ship's head when the bearing was taken, 

SB 
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7. In the following table give the correct raagnetio bearing of the distant object, and 

thence the deviation. 

Correct magnetic bearing. 



Bbip'g Head 

by Standard 

Compass. 



North 
N.E. . 
East . 
8.E. 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



*•■••• 



N. 86° W. 
8. 79 W. 
8. 69 W. 
8. 65 W. 



8hip's Head 

by Standard 

Compass. 



South 
8.W. 
West 
N.W. 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



8. 64°W. 
8. 72 W. 
8. 89 W. 
N, 80 W. 



8. With the deviation as above, give the courses you would steer by the Standard 
Compass to make the following courses correct magnetic. 

Correct magnetic courses:— W.N. W.; N.N.E. ; E.S.E.; S.S.W. 
Compass courses : — 

9. Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses :— N.N.W. ; E.N.E. ; S.S.E. ; W.S.W. 
Magnetic courses :— 

10. Tou have taken the following bearings of two distant objects by your Standard 
Compass as above, with the ship's head at N.W. by W., find the bearings, correct magnetic 

Compass bearings : — E. by 8. \ 8. and N. J E. 
Bearings, magnetic : — 

1 1. Name some suitable objects by which you could readily obtain the deviation of the 
Compass when sailing along the coasts of the English Channel. 

The South Foreland lighthouses in one, bearing W. by N., correct magnetic : Beachy 
Head lighthouse just open of the cliffs to the eastward, bearing N.W. by W., correct mag- 
netic ; Portland lights in one N.N.W. } W. ; Prawl Point and Start lighthouse in one and 
Lizard lights in one. 

12. Do you expect the deviation to change ; if so, state under what circumstances ? 

A. Yes, it changes rapidly for several months after the ship is launched, an alteration 
also takes place by change of magnetic latitude, and in ships running long upon one course 
and then changing the course, by the heeling of the ship, and by taking in a cargo of iron. 

13. How often is it advisable to test the accuracy of your table of deviations ? 

A. Frequently, in a new vessel ; when nearing land ; and under the circumstances stated 
in last question. 

14. State briefly what you have chiefly to guard against in selecting a position for the 
compass. 

A. Elongated iron, especially if vertical, such as stanchions, davits, capstan, spindles, 

funnels, ventilating shafts, &c, and the compass should be as far removed as possible from 

transverse bulk heads. 

15. The Compasses of iron Ships are more or less affected by what is termed the heeling 
error ; on what courses does this error vanish, and on what courses is it the greatest ? 

A. It vanishes when the Ship's head is East or West by compass, and is greatest when 
the Ship's head, by compass, is North or South. 

16. State to which side of the ship, in the majority of cases, is the North point of the 
Compass drawn in the Northern hemisphere ; and what effect has it on the assumed position 
of the Ship when she is steering on Northerly, and also on Southerly courses ? 

A. The North point of the Compass is drawn to the weather side in the majority of cases. 
The effect of this is to throw the Ship to windward on northerly courses, and to leeward on 
southerly courses. „ 

17. The effect being as you state, on what courses would you keep away, and on what 
courses would you keep closer to the wind, in order to make good a given Compass course? 



V 



A. I would keep her away on either tack on northerly courses, but on either tabk on ' 
loutherly I would keep her close to the wind. 

it. Does the samu rulo hold good in both hemispheres with regard to the heeling error V 

A. No, ships which have a large heeling error to windward in northern latitudes, will 
probably have as large a heeling error to leeward in high southern latitude* ; but it is 
wconmeuded in order to determine it, that observations be made in every ship. 

■9- Your steering compass having a large error, how would you proceed to correct that 
compass by compensating magneto and soft iron in order to reduce the error within manage- 
able limits. 

A. Draw a line upon the dock, fore-and-aft, through the centre of the binnacle. Draw 
another line across the deck at right-angles to the former, through the same centre. 

Bring the ship's head either North or South (correct magnetic), and placing a magnet 
on the deck athwartebip, with its centre exactly on a fore-and-aft line drawn on the deck 
at some distance from the binnacle ; more it gradually to or from the foot of the binnacle 
od til the compass points correctly. If the compass needle deviated to the left, the north end 
of the magnet must be placed to the left, and conversely. Next swing the ship's head round 
to the East or West {correct magnetic) and steady her on one of these points, and place a 
nagnet fore-and-aft, either on the port or starboard side of the binnacle, with its centre on 
the athwartebip line drawn on the deck ; move it to or from the foot of the binnacle until 
the compass points correctly. 

Again : the semicircular deviation having thus been corrected, and the binnacle being 
properly fitted with two small brass tores, one on each side of, and on a level with the 
compass; steady the ship's head on one of the quadrantal points, N.E., S.E., 3.W., or N.W. : 
if there is any deviation fill one of the chain boxes with a quantity of email chain until the 
compass points correctly ; if one chain box be not sufficient, fill the other. For greater 
certainly, swing the ship's head to each of the other quadrantal point*. 
EXAMINATION PAPER.— No. IX 



FOE SECOND MATE. 

I. Multiply 50030 by 800 by Common logarithms. 
1. Divide 9999-46 by 67*8 by common logarithms. 
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4. 1876, February 1st, in longitude 78° 14' E., the observed meridian altitude of sun's 
l.l. was 78° 4' 10*, bearing South, index error + 55 *> height of eye 12 feet: required the 
latitude. 

5. In latitude 47° 30' N. , the departure made good was 1 15*5 milea : required the difference 
of longitude by parallel sailing. 

6. Required the course and distance from St. Helena to Cape Horn, by calculation on 
Mercator's principle. 



Latitude St. Helena 15° $$' 8. 
Latitude Cape Horn $5 59 S- 



Longitude St. Helena 5° 44' W. 
Longitude Gape Horn 67 16 W. 



ADDITIONAL FOE ONLY MATE. 

7. 1875, February 5th: find a.m. and p.m. tides at Filey Bay, Milford Haven, and 
Cromarty. 

8. 1876, February 20th, at 6 h 9™ p.m., apparent time at ship, latitude 1 1 ° 58' S., longitude 
179 4a' E., sun's magnetic amplitude 8.W. by W.JW.: required the true amplitude and 
error of compass; and supposing the variation to bo io° 20' E., required the deviation of 
the compass for the position of the ship's head at the time of observation. 

9. 1876, February 10th, a.m. at ship, latitude $o° 48' N., observed altitude sun's L.I*. 
9 10' 50', index correction — 3' 20*, height of eye 18 feet, time by chronometer February 
9 d 9 h 59 m a 5*> ^hich was 37 m $% %, %f<ut for mean noon at Greenwich, December 20th, 1875, 
and on January 10th, 1876, was 34" 12* fast for mean noon at Greenwich: required the 
longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1876, February 16th, mean time at ship 8 h 7™ 35' a.m., latitude 51 2' N., longitude 
140 34' W., sun's magnetio azimuth 8. 36 20' E., observed altitudo sun's l.l. 7 16' 40*, 
index correction — 6' 10", height of eye 15 feet: required the error of compass; and 
supposing the variation to be 25° W. : required the deviation for the position of the ship's 
head at the time of observation. 

11. 1876, February 15th, a.m. at ship, latitude acct. 55° 59' 8., longitude 54 18' E., 
observed altitude sun's l.l. North of observer was 46 22' 10% index correction — 1' 50% 
height of eye 19 feet, time by watch o» 5*, which had been found to be $o m fast on apparent 
time at ship, the difference of longitude made to the East was i6'-8 : required the latitude. 

ADDITIONAL FOR MA8TER ORDINARY. 

11. 1876, February 12th, the observed meridian altitude of star Procyon, South of 
observer, was 77 18' 10*, index correction + J 9 » height of eye 16 feet: required the 
latitude. 

In the following table give the correct magnetic bearing of the distant object, said 
thence the deviation : — 

Correct magnetic bearing. 



Ship's Head 

by Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


Ship's Head 

by Standard 

Compass. 


Bearing of 1 
Distant Object Deviation 
by Standard ! Bequired. 
Compass. | 


North • . • . 
N.E 

S.E, ....•• 


8. 34 E. 
8. 58 E. 
8. 62 E. 
8. 5a E. 


I 

1 
I 

1 

1 

1 


South .... 

O. Vt « • . • • 

West .... 
N.W. •• • . 


8. 43 d E. 
8. 31 E. 
8. 17 E. 
8. 15 E. 
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'With the deviation as above, give the courses yon would steer by the Standard Compass 
to make the following courses correal: magnetic. 

Correct magnetic coarse*:— N.E. by E. \ E. ; W. ± 8. ; W. J N. ; E, by 8. 1 8. 

Compass courses :— 

Supposing yon hare steered the. following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses:— W. by N. JH.; N.E. |N.j S.W. i S. ; S.E. by S. 

Msgnetio conrses : — 

Ton have taken the following bearings of two distant objects by your Standard Compass 
a* above, with the ship's head at W, \ B., find the bearings, correct magnetic. 

Compass bearings ; — N. 79° W., and 8. io,°W. 

Besrings, magnetic : — 

EXAMINATION PAPER.— No. m. 

FOE SECOND MATE. 

1. Multiply S4'S by 61-S, by common logarithms, and prove the result 

1. Divide 666666 by 8'SS, by common logarithms, and prove the result by decimals. 
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4. 1876, March 30th, longitude 173* 18' E., the observed meridian altitude of sun's L.L. 
was 89' 38' 10* bearing North, index correction + 4' 17°, height of eye 18 feet: required 

the latitude. 

5. In latitude 34° 18' 8., the departure made good was J94'a miles: required the dif- 
ference of longitude by parallel sailing. 

6. Required the course and distance from the Cape of Good Hope to Cape Frio. 

I jit . Cape of Good Hope 34 s iS' S. Long. Cape of Good Hope 1 8* a 8' E. 

Lat. Oape Frio 13 oft Long. Oape Frio 41 57 W. 
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for 

1 h 2 w 
IO. 




^IjfcDITIONAL FOR ONLY MATE. 

7. 1875, March 1 itlrt Ami the times of high water, a.m. and p.m. (by Admiralty Tables) 
at Quillebaeuf, Havrej £oole, Yarmouth Roads, Lerwick, and Beaumaris. 

8. 1876. March mh, at 5 b 3i m 52 s p.m. apparent time at ship, in latitude 52 12' N., 
longitude 138' 54' W., the sun's magnetic amplitude was W. by S. \ 8. : required the error 
of compass, and supposing the variation to be 24 E. : required the deviation for the position 
of the ship's head at the time of observation. 

9. 1876^ if arch 31st, a.m. at ship, latitude 26° 9' N., observed altitude sun's l.l* 
29 io'.a»% height of eyo 26 feet, time by chronometer 3i d o b 4™ 50 1 , which was $% m s% % fa*t 

noon at Greenwich, November 20th, 1875, and on December 3i8t, 1875, was 
% %fast for mean time at Greenwich : required the longitude. 

ADDITIONAL FOR FIRST MATE. 
1876. March 10th, mean time at ship, 7 h 35™ 25 s a.m., latitude 42 41' 8., longitude 
148 5' E., sun's bearing by compass 8. 108 37' 30* E., observed altitude sun's l.l. 17*57*40*, 
height of eye 19 feet : required the error of the compass ; and supposing the variation to be 
io° 50' E. : required the deviation for the position of the ship's head at the time of observation. 

11. 1876, March 25th, p.m. at ship, latitude acct. 20° 1' N., longitude 89 10' E., observed 
altitude sun's l.l. South of observer was 71 9', height of eye 18 feet, time by watch 
n h 38* 12 s (or 24 d 23 h 38" i2*), which had been found to be 31 m 8" alow on apparent time 
at ship, the difference of longitude made to East was 1 3 J miles after the error on apparent 
time was determined : required the latitude by reduction to meridian. 

ADDITIONAL FOR MA8TER ORDINARY. 

12. 1876, March 19th, the observed meridian altitude of a Bootis (Arcturus)> 36° 10' 20% 
bearing North, index correction + 2' 42", height of eye 20 feet : required the latitude. 

In the following table give the correct magnetio bearing of the distant object and thence 

the deviation. 

Correct magnetic bearing. 



Ship's Head jJgStt&t 
by&andard bTstandaril 
Compass. 1 D tompa». 


Deviation 
required. 


Ship's Head 

by Standard 

Compass. 


Bearing of I 
Distant Object 1 Deviation 
by Standard required. 
Compass. 


North .... 
N.E 

8.E. •••••• 


S. 67 E. 

East. 
N. 85* E. 
N. 87 E. 




South .... 

8.W 

West .... 
N.W\ .... 


8. 72°E. 
8. 46 E. 
8. 45 E. 
8. 52 E. 


1 



With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic. 

Correct magnetio courses :— N.E. J E. ; S.W. by W. ; W. by S. } 8. ; S.S.E. J E. 

Compass courses : — 

Supposing you have steered the following oourses by the Standard Compass, find the 
correct magnetic oourses made from the above deviation table. 

Compass courses :— S.E. by E. J E. ; N.E. by E. } E. ; N.W. by W.JW.; N.N.W. 

Correct magnetio courses : — 

You have taken the following bearings of two distant objects by your Standard Compass 
as above ; with the ship's head at N. 24 E., find the bearings, correct magnetic. 
Compass bearings : — W. J 8. and E.N.E. 
Bearings, magnetic :— 

EXAMINATION PAPER.-N0. IV. 

FOR SECOND MATE. 
t. Multiply, by common logarithms, 456 by 28*9. 
a. Divide, by eommon logarithms, 462937 by 142-8. 
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r 4 6 








ing by compass N ,}W. 
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h! 7 








dist. 19 miles. (Snip's 
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N.JE. 
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1 E.N.E. 
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3 °E. 
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3 1 6 
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10 




a ' 3 












ii 




2 1 3 












la 


• 


L *# 

2 > 








Variation 14 East. 
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W. by S. 


12 { 2 


81 by W. 
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14 W. 
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E.N.E. 


3 


S.E. ! 
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2 1 3 
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■ 
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34 
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A current set (cor- 


1 % 




3 3 


- 






rect mag.) 8. W. i W., 
42 miles, from the time 


9 


S.S.W. i W. 


5 | 6 


S.E. i 


*i t 


4° W. 




10 




5 ' 7 
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~ 




the departure was 




ii 




5 3 


i 






taken to the end of the 


- 


12 




5 1 4 
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day. 



4. 1876, April ist, in longitude 87 42' W., observed meridian altitude sun's l.l. South 
of observer was 48 42' 30*, index correction + 1' 4a*, height of eye 18 feet: required the 
latitnde. 

5. In latitude 49 57' N., the departure made godfl. was 149 miles : required the difference 
of longitude by parallel sailing. 

6. Required the course and distance from A to B. 

Latitude A 56 35' 8. Longitude A a°i5'E. 

Latitude B 51 10 8. Longitude B 3 10 W. 

ADDITIONAL FOR ONLY MATE. 

7. 1875, April 13th: required the times of high water, a.m. and p.m., at Ecrehous, 
Blakeney, Portree, Llanelly, Cardiff, and New Ross. 

8. 1876, April 28th, at 5 h i4">^' p.m. apparent time at ship, latitude 38° 19' 8., longitude 
88° 48' E., sun's magnetic amplitude N.W. by W;, variation 19° 10' W. : required the 
deviation. 

9. 1876, April 15th, p.m. at ship, latitude 37 49' 8., observed altitude sun's l.l. was 
a6° 27' 30*, index correction — 49", height of eye 13 feet, time by chronometer 14* 2i h 48 m 17% 
which was 4 m 5 1* fast for Greenwich mean noon, January 22nd, and on February 3rd, was 
a m 35 ,# 4/w< for mean time at Greenwich : required the longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1876, April 17th, mean time at ship 2 h 49™ 45* p.m., latitude 39 50' N., longitude 
i° 35' E., sun's bearing by compass West, observed altitude sun's l.l 42° 10', index corr. — 
45", height of eye 14 feet : required the error of compass ; and supposing the variation to 
be 1 9 50' W. : required the deviation of the compass for the position of the ship's head 
when the observation was taken. 

n.« 1876, April 19th, a.m. at ship, latitude account 46° 15' N., longitude 178° 12' E., 
observed altitude of sun's l l. South of observer 54 7', index correction 4- 2' 12*, height of 
eye 20 feet, time by watch 1 i h 24™ 22% or i8 d 23 11 24™ 22% which had been found to be 5" 
ifow on apparent time at ship, the difference of longitude made to the East was 30 miles, 
After the error on apparent time was determined. 
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ADDITIONAL FOB MASTER ORDINARY. 

12. 1 876, April 1 2th, the observed meridian altitude of the star Spica, South of observer, 

was 20 58' 40% index correction — 45*, height of eye 25 feet : required the latitude. 

In the following table give the correct magnetic bearing of the distant object, and thence 
the deviation : — 

Correct magnetic bearing. 



£3* ■'S3& 

Compass. fc mpa*>. 



Deviation 
Required. 



North ' S. 2°W. 

N.E I S. 5 W. 

East 8. 10 W. 



S.E 



S. 16 W. 



Ship's Head ns^TS^L 
vJi Lr^.^i Distant Object 

** ******** by Standi* 



by Standard 



Compass. 



Compass. 



South 
S.W." 
West 
N.W. 



• • • t 
1 • • • 

• • • 1 

• ■ • • 



S. 5°E. 
S. 24 E. 
S. 17 E. 
S. 3 E. 



Deviation 
Required. 



With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic 

Correct magnetic courses :— E. by N. J N. ; N.W. f W. ; S.W. by 8. J S. ; S.E. by 8. \ S. 

Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, tind the 
correct magnetic courses made from the above deviation table. 

Compass Courses :— N. W. by W. J W. ; W. by S. \ S. ; E. by S. J S. ; N.E. } E. 

Correct magnetic courses. 

You have taken the following bearing of two distant objects by your Standard Compass 
as above, with the ship's head at S. 24° W., find the bearings, correct magnetic. 

Compass bearings :— N. 84 W. and W.S.W. 

Bearings, magnetic :— 

EXAMINATION PAPBE—No. V. 

FOR SECOND MATE. 

1. Multiply 767 by 89-8, by common logarithms. 

2. Divide 66889*2 by 99*7, by common logarithms. 

3-— 
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8°E. 


Variation 37 E. 




3 
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12 
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W.S.W. 
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N.W. 
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1 9 W. 
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6 
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N.N.W. 


3 

5 


7 


West. 1 


2 


n° W. 


A current set the ship 




8 




5 6 








(correct magnetic) 1 
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N.E. i £., 48 miles, 
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4. 1876, May 8th, in longitude 105 017' W.,- observed meridian altitude of sun's l.l., 
bearing North, was 7 6° 3', index correction — 1' 27', height of eye 10 feet : required the 
latitude. 

5. In latitude 3 24' N., the departure made good was 982 miles : required the difference 
of longitude by parallel sailing. 

6. Required the course and distance from A to B, by calculation on M creator's principle. 



Latitude A 39° 39' N. 
Latitude B 27 27 N. 



Longitude A s i °S lf E. 
Longitude B 33 33 E. 



ADDITIONAL FOR ONLY MATE. 

7. 1875, May 21st: find the times of high water a.m. and p.m. at Loch Ryan. Tarn 
Point, Berwick, St. Malo, and Dungeness. 

8. 1876, May 21st, at 7 h 29™ a.m. apparent time at ship, latitude 45 53' 8., longitude 
50°39'E., sun' 8 magnetic amplitude N.E. J E. : required the true amplitude and error 
of the compass ; and supposing the variation to be 31 50' E. : required the deviation of the 
compass for the position of the ship's head at the time of observation. 

9. 1876, May 22nd, a.m. at ship, latitude 43 25' N., observed altitude sun's l.l. 32 8', 
index correction + 47', height of eye 15 feet, time by chron. n d 2i h 6 m 10*, which was flow 
1 a*6 for mean noon at Greenwich, February 24th, and on April ist, was 2 m 45* fast for 
mean noon at Greenwich : required the longitude, 

ADDITIONAL FOR FIRST MATE. 

10. 1876, May 25th, mean time at ship, 3 h 29™ 47* p.m., latitude 41 58' N., longitude 
96 1' W., sun's bearing by compass N. 1 18 30' W., observed altitude sun's l.l. 40 40*40*. 
index correction + 2' 15*, height of eye 1 2 feet : required the true azimuth and error of the 
compass ; and supposing the variation is io° 30' E. : required the deviation of the compass 
for the- position of the ship's head at the time the observation. 

11. 1876, May ioth, p.m. at ship, latitude account 2 8° 13' S., longitude 112 15' W. y 

observed altitude of sun's l.l. North of observer was 43 35' 20", index correction — - 6' 12*, 

height of eye 19 feet, time by watch 30™ 26* (or io d o h 30* 26*), which had been found to be 

6 m 45 , / <M< on apparent time at ship, the difference of longitude made to the East was 26'. 

.* after the error on apparent time was determined : required the latitude. 
m 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, May ioth, the observed meridian altitude of Spica, bearing North, was 
70° 10' 25*, index correction + 4 2 *> height of eye 22 feet : required the latitude. 

In the following table give the correct magnetic bearing of the distant object and thence 
the deviation. 

Correct magnetio bearing. 



Ship's Head 

by Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
required. 


Snip's Head 

by Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
required. 


North .... 
N.E, 

1 8.E. ...... 

1 

_ 


East. 
S. 78 E. 
S. 70 E. 

S. 71 E. 

* 




South , . . • 

8.W 

West .... 
1 N.W 


N. 8 f E. 
N. 63 E. 
N. 64 E. 
N. 74 E. 





With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following oourses correct magnetic. 

08 
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Correct magnotio courses .--N.N.E. f E. ; N. 84 W. ; 8. 71 E. ; S. W. by W. \ W. 

Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses:— N.N. W. i W. ; N. 64 E. ; S.E. J E. ; S. 39° W. 

Correct magnetic courses : — 

You have taken the following bearings of two distant objects by your Standard Compass 
as above ; with the ship's head at S. 87° £., find the bearings, correct magnetic 

Compass bearings:— 8. i5°W. and N. 72 W. 

Bearings, magnetic: — 

EXAMINATION PAPEK— No. VI. 

FOR SECOND MATE. 

1. Multiply 5900 by '00071, by common logarithms. 

2. Divide 50800 by 4*835, by common logarithms. 
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3* 


i 5 °E. 


A point, lat. 56° 1 2' N. 
long. 1 35" 40' W.,bear- 


2 




4 


4 








3 




4 


3 








ing by compass WSW 


4 




4 










disk 2 rim ilea. (Ship's 
head E. by 8.) De- 
viation as per log. 


5 


S.E. by E. 


5 


6 


8. by W. 


«i 


12° E. 


6 




5 


8 








7 
8 

9 


■■ 


5 


6 










8. by E. 


5 
5 


7 


S.W. by W. 


i\ 


4 °E. 




10 




5 1 * 










IX 




6 i 










12 




6 5 








Variation 25* E. 


1 


E.JS. 


«'4 


8. by E. 


it 


i5°E. 




2 




6 , 5 










3 




6 I 4 










4 
5 


8.W. J W. 


5 1 7 

41 8 


8. by E. 


3i 


7°W. 




6 




4 1 6 










7 




4 " » 








A current set (correct 


8 




4 


4 








mag.) N. by W. J W. 


9 


S. byE. 


4 


5 


E. by 8. 


*! 


4°E. 


1 6 miles, from the time 


10 




4 5 








the departure was 


11 




3 6 








taken to the end of the 


12 


:_ .. - .... .- 


4 4 








day. 



4. 1876, June ist, in longitude 96* 17' E., the observed meridian altitude of sun's ll 
was 75 38' 15* bearing North, index oorrection + 27", height of eye 26 feet: required the 
latitude, 

5. In latitude 35* 54' 3., departure made good 249 miles : required the difference of 
longitude. 

6. Required the course and distanoe from A to B, by Mercator's Sailing. 

Latitude of A 3 19' N. Longitude of A 7 1° 42' W, 

Latitude of B 33 2 8. Longitude of B 122 20 W. 
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ADDITIONAL FOR ONLY MATE. 

7. 1875, June 19th : find a.m. and p.m. tides at Rotterdam, Heligoland, and Rio Janeiro, 
longitude 43 12' W. 

is 1876, June 21st, at 9 h i6 m p.m. apparent time at ship, latitude 59 51' N., longitude 
64° 42 W., sun's magnetic amplitude N. } E. : required the true amplitude and error of 
compass: variation 52 30' W. : find deviation. 

9. 1876, June 14th, p.m. at ship, latitude 2 s 2' 8., observed altitude sun's l.l. 28 38', 
index correction -f- 48*, height of eye r 2 feet, time by chronometer 14* o h 3™ 1 8% which was 
2 h i8 m l^-j/oit for mean noon at Greenwich, April ist, and on April 30th, was a h 24™ 19" 
fast for mean noon at Greenwich : required the longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1876, June 8th, mean time at ship 7 h 50™ a.m., latitude 15° 45' N., longitude 32° 33' W. 
gun's bearing by compass N. 70 s E., observed altitude sun's l.l. 31 10', index correction — 
1' 22", height of eye 18 feet: required the error of compass, variation 14° 40' W. : find the' 
deviation. 

u. 1876, June 5th, p.m. at ship, latitude account 6i° 58' N., longitude 155* 21' E., ob- 
served altitude sun's l.l. South of observer was 49 50' 30", index oorr. -+■ 2' ic", height of 
eye 21 feet, time by watch n b 48™ 26* (or 4 d 23** 48™ 26"), which had been found to be 
50" 10* slow on apparent time at ship, the difference of longitude made to West was 17 ''5, 
after the error on apparent time was determined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, June nth, the observed meridian altitude of the star Pollux, bearing North, 
was 48° 40' 24*, index correction — 1' 32*, height of eye 20 feet. 

In the following table give the correct magnetic bearing of the distant object, and thence 

the deviation. 

Correct magnetic bearing. 



Ship's Head 

by Standard 

Compass. 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



North ...J N. 8 9 °W. 
8. 79 W. 
8. 62 W. 
8. 58 W. 



N.E 
East 
SJB. 



qv.;«». TToa/i . Bearing of 

bylindard D J^%* KW 



South .... 8. 6fW. ' 

S.W ; 8. 75 W. ■ 

West ...J N. 83 W. 

N.W ! N, 77 W. ! 



With the deviation as above, give the courses you would steer by the Standard Compass, 
to make the following courses correct magnetic. 

Correct magnetic courses :— N.W. by W. ; S.W. by W. } W. ; N.N.E. ; 8. by W. 
Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses :— N.W. by N. ; W.S.W. ; S. J W. ; S.E. by E. i E. 
Magnetic courses :— 

You have taken the following bearings of two distant objects by your Standard Com- 
pass as above, with the ship's head at S.E. by S., find the bearings, correct magnetic. 

Compass bearings:— N. { W. and 8. 73° W. 
Bearings, magnetic : — 

EXAMINATION PAPEK.— No. VIL 

FOR SECOND MATE. 

1. Multiply 483 by 287, by common logarithms. 

2. Divide 243880 by 704, by common logarithms. 
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,. 1876, July 16th, in longitude 11° 19' W., the observed meridian altitude of the aim's 
l.l. mi ij°4i'i bearing North, index correction — 3' 10*, height of eye 19 feet: required 
the latitude. 

5. In latitude 15° 10' 8., the departure made good was 389 miles: required the diffewmca 
of longitude by parallel Bailing. 

6. Reqnirod the coarse and distance from Start Point to St. Michael's, 

Lat. Start Point 50* 1 3' N. Long. Start Point 3° 38' W. 

Lat. St. Micheal's 37 48 N. Long. St. Michael's 15 to W. 

ADDITIONAL FOR ONLY MATE. 

7. 1875, July »rth: find the time of high water, a.m. and p.m., at Bayonne, lie de 
Noirmonter, Port Navulo, Bell Isle, and Bordeaux (by Admiralty Tables). 

8. 1876, July nth, at i h 9™ p.m. apparent time at ship, in latitude 19* 3' 8., longitude 
11* 53' W., the sun's magnetic amplitude was W. by N. * N. : required the true amplitude 
anderror of theoompaaa; and supposing the variation to be n*ao'W. : required the devia- 
tion for the position of the ship's head when the observation was taken. 

9. 1876, July 17th, p.m. at ship, latitude 31* 3*' 8., observed altitude sun's l.l. i3°i3'io', 
index oorrection + 5", height of eye 16 feet, tima by chronometer July i6 J ai b j m 49'. which 
was 9™ it /ft for mean noon at Greenwich, June 6th, and on June 14th -m*ftut 8" 31*6 
on menu tune at Greenwich 1 required the longitude. 

ADDITIONAL FOH FIRST MATE. 

10. 1876, July 4th, mean time at ship 8' 39™ 1* a.m., latitude 38° 10' S., longitude 
78* 35* W., sun'e bearing by compass N. 19' 16' E„ observed altitude sun's l.l. ii" i*' i°*. 
index correction — i' 38", height of eye 14 feet: required the true azimuth and error of the 
oompan : and supposing the variation be 17" 10' E. : required the deviation of the oompus 
for the position of the ship's head at the time the observation was taken. 

tj. 1876, July 31st, p.m. at ship, latitude by account 45 s 5' 8., longitude 83° n' B., 
observed altitude sun's l.l. North of observer was 16° 1$' io', index corr. — 40*, height of 
eye 19 feet, time by watch 1 1* 50", (or 3c" 23 h co"), which had been found to be 36" iff 
iknc on apparent time at ship, the difference of longitude made to the West wis 14 miles, 
after the error on apparent time was determined : required the latitude by reduction to 
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ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, July 6th, the observed meridian altitude of the star a Scorpii (AntaresJ, 
bearing North, 70 10' 30", height of eye 21 feet : required the latitude. 

In the following table give the correct magnetic bearing of the distant object, and 
thence the deviation :— 

Correct magnetic bearing. 



' Ship's Head 
by Standard 
Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


! Ship's Head 
1 by Standard 
Compass. 

1 


Bearing of 
Distant Object < Deviation 
by Standard ] Required. 
Compass. j 

1 


North .... 
N.E. , , , 
fias* ••■••• 

&E. 


West. 
S. 72° W. 
S. 70 w. 
S. 82 w. 




South • • • . 
S.W. • • • 1 
West .... 
N.W. .... 


N. 85°W. 
N. 78 W. 
N. 70 W. 
N. 73 W. 





With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic. 

Correct magnetic courses :— B. by N. f N. ; S.E. by B. \ E. ; S. by W. J W. ; N. i° E. 

Compass courses :— 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetio courses made from the above deviation table. 

Compass courses:— W. i° S. ; N. J E. ; N.E. by E. \ B. ; S.E. J S. 

Magnetio courses : — 

Tou have taken the following bearings of two distant objects by your Standard Compass 
as above, with the ship's head at N.W. by W., find the bearings, correct magnetic. 
Compass bearings :— E. ± S., and E. J N. 
Bearings, magnetic : — 

EXAMINATION PAPER.— No. Vm. 

FOR SECOND MATE. 

1. Multiply 777 by 999, by common logarithms. 

2. Divide 1 x 1 1 1 1 by 234, by common logarithms. 

3" 



H. 


Courses. 


K. 


a 


Winds. 


Lee- 
way. 


Devia- 
tion. 


Remarks, &c. 






pts. 






1 














A point of land in lat. 


2 


S.S.E. 


9 


2 


S.W. 


1 


6 8 E. 


o°i o'N. long. 1 7 3°5oT3. 


3 




8 


4 








bearing by compass 


4 




8 


4 








S.W., dist. 15 miles. 


5 


W.N.W. 


7 


3 


S.W. 


■j 


i8°W. 


(Ship's head S.S.E.) 
Dev. as per log. 


6 




7 










7 




6 


7 










8 




6 












9 


W. JN. 


5 


4 


S.W. by S. 


2 


i6°W. 




10 




5 


5 










11 




5 


6 










12 
1 


8. by E. } E. 


5 
6 


5 
3 


S.W. 


«i 


5°E. 


Variation 8° B. 


2 




6 


3 










3 




6 


2 










4 




6 


2 










5 


S.S.E. 


5 


2 


S.W. 


»* 


J°E. 




6 




5 


3 










7 


• 


5 


5 








A current set the ship 


8 
9 


W. by N. 


6 
9 


6 


S.S/W • 





i7°W. 


(correct magnetic) 
S. b W., 1 8 miles from 


10 




10 


4 








the time the departure 


11 




11 


5 








was taken to the end 


12 




11 


5 

* 


% 


- 




of the day^ 



3 i8 



Ordinary Examination. 



4. 1876, August 12th, longitude 92 12' E., the observed meridian altitude of sun's L.L. 
bearing North, was 42 * 42' 10', index correction — 2' 50", height of eye 17 feet: required 
the latitude. 

5. In latitude 5 6° n' S., tho departure made good was 356 miles East: required the 
difference of longitudo by parallel sailing. 

6. Required the course and distance from A to B. 

Latitude A 47 ° 50' S. Longitude A 42° 16' E. 

Latitude B 40 49 8. Longitude B 46 25 E. 

ADDITIONAL FOR ONLY MATE. 

7. 1875, August 13th: find the times of high water, a.m. and p.m., at Lisbon (Bar), 
Cadiz, and Broughty Ferry. 

8. 1876, August 20th, at 5 h i6 m p.m. apparent time at ship, in latitude 42 5' S., longi- 
tude 88° 36' W., the sun's magnetic amplitude was W. by S., variation 19° 15' E. : required 
the deviation of the compass for the position of the ship's head at the time of observation. 

9. 1876, August 7th, p.m. at ship, latitude 6° 4 N., observed altitude sun's l.l. 24°,$', 
index correction -J- 1' 30% height of eye 12 feet, time by chronometer August 6 d 2o h 30™ 36% 
which was ^6 %, 2f<ut for Greenwich mean noon, July 14th, and on July 21st was 10 s slow 
for Greenwich mean time : required the longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1876, August 20th, mean time at ship 2 h 35™ 25 s p.m., latitude 52 s 2' S., longitude 
89 26' E., sun's bearing by compass N.W. f N., observed altitudo sun's l.l. 17° 26', index 
correction + *' 45"» height of eye 21 feet: required tho error of compass; and supposing 
the variation to be 33° 50' E. : find the deviation of the compass for the position of the ship's 
head at the time of observation. 

11. 1876, August nth, a.m. at ship, latitude account 39 3' S., longitude 157° 25' E., 
observed altitude of sun's l.l., North of observer, was 34 37', height of eye 12 feet, time by 
watch 7 b 41 111 25* (or io* 19b 41" 25*), which had been found to be 3 h 41™ 8* slew on apparent 
time at ship, the difference of longitude made to the East was 33', after the error on apparent 
time was determined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, August 20th, the observed meridian altitude of the star a Aquila) (AUwr) % 
bearing North, was 66° 51' 10", index correction + 58* r h©ight of eye 13 feet: required the 
latitude. 

In the following table give the correct magnetic bearing of the distant object, and thence 
the deviation : — 

Correct magnetic bearing. 



Ship's head 



n«««>-«r b y Standard 

Compaw. 'compass. 



Bearing of 
►istant Objec 
by Standard 



North .... S. 12 E. 

N.E S. 10 E. 

East....... S. 6 W. 

S.E * S. 9 W. 



required. Compass. 

1 


Bearing of 

Distant Object 

by Standard 

Compass. 


I 

Deviation 
required. 


1 

South 

s.w 

West 

N.W 


8. 4°E. 
8. 17 E. 
8. 20 E. 
S. 16 E. 





With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic 

. Correct magnetic courses :— E. by N. J N. ; S.W. by W.JW.; N.N.W. \ W. ; E.S.E 
Qpmpass courses ;— 
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Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetio courses made, from the above deviation table. 

Compass courses :-N.W. J N. ; W. by S. J S. ; N. J W. ; W. J 8. 
Magnetic courses : — 

Tou have taken the following bearings of two distant objects by your Standard Compass 
as above; with the ship's head at W.N.W., find the bearings, correct magnetic. 

Compass bearings :— S,S.E. and S.E. by 8, 
Bearings, magnetic : — 

EXAMINATION PAPER— No. IX. 

FOR SECOND MATE. 

1. Multiply * 03948 by 0*1959, by common logarithms. 

2. Divide 69*7565 by 97564, by common logarithms. 
3 — 



K. . 


' Courses. 


K. 


A 


"Winds. 


Lee- 
way. 


Devia- 

1 TION. 


Remarks, &c. 










pts. 






1 


S.E. \ E. 


10; 4 


8. by W. J W. 


j 


i5°E. 


A point, lat. 54° 7'N., 
long. o° 5' W., bearing 


2 




10 2 








3 




10 1 




• 




by compass W. 1 N., 
diBt. 20 miles. (Ship's 


4 




10 


6 








5 


8.E. by S. 


12 


4 


8.W. by 8. 


i 


5°E. 


head S.E. £ E.) De- 


6 




12 4 








viation as per log. 


7 




12 


5 








1 


8 




12 


5 








* 


9 


East. 


11 


2 


N.N.E. 


i 


21° E. 




10 




10 6 










. 11 




10 


5 










12 
1 


S.E. £ S. 


10 

8 
8 

8 

8 

7 


3 
5 


S.S.W. i w. 


1 


7°E. 


Variation 22° W. - 


3 




2 


. 








4 
5 


S.byE.|E. 




S.W. i w. 


■i 


3i°E. 




6 




6 | 8 










7 




6 | 6 








A current set the ship 
(correct, magnetic) 
E. by S. J S., 32 miles, 


8 




6 .1 








9 


S.E. by E. 


8 


6 


N.E. by E. 


1 


i7°E. 


10 




9 


a 








from the time the de- 


11 




9 










parture was taken to 


12 


- 


9 


3 








the end of the day. 



4. 1876, Sept. 22nd, in longitude 123 45' W., observed meridian altitude of sun's l.l. 
bearing North, was 89° 49' 50% index error + 52', height of eye 26 feet: required the 
latitude. 

5. In latitude 20° 1 5' S., the departure made good was 352 miles W. : required the difference 
of longitude by parallel sailing. 

6. Required the course and distance from A to B, by Mercator's Sailing. 

Latitude A 25° 39' N. Longitude A 48° 19' W. 

Latitude B 34 28 S. Longitude B 18 28 E. 

ADDITIONAL FOR ONLY MATE. 

7. 1875, Sept. nth : find a.m. and p.m. tides at Alderney, Malacca Fort, long. 102 E., 
and Madras, long. 8o° E. 

8. 1876, Sept. 30th, at 5 h 45™ p.m., apparent time at ship, latitude 52 30' N., longitude 
12° 10' W., sun's magnetic amplitude N.W. f W. : required error of compass ; and supposing 
the variation to be 30 28' E., required the deviation of the compass for the position of the 
dap's head at the time of observation. 



3ao 
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9. 1876, Sept. ist, p.m. at ship, latitude 9 9' N., observed altitude sun's l.l. 6a° 13' 14% 
index correction 4- i5*» height of eye 16 feet, time by chronometer August 3i d i.$ h 34™ 28*, 
which was i m io B slow for mean noon at Greenwich. July 28th. and on August 12th was 
z m 31" slow on mean noon at Greenwich : required the longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1876. Sept. 1 6th, mean time at ship 8 h 3" i8« a.m., latitude 4 22' N., longitude 
8i° 39' W., sun's bearing by compass N. 93 20' E., observed altitude sun's l.l. 29 30' 30*, 
index correction + 1' 22", height of eye 20 feet: required the true azimuth and error of 
compass ; and supposing the variation is 8° 20' E. : required the deviation for the position of 
the ship's head at the time of observation. 

11. 1 876, 8ept. 23rd, a.m. at ship, latitude acot. 27° 32' 8., longitude 168 5 1' E., observed 
altitude sun's l.l. North of observer was 6i° 59' 40*, index correction — 1' 50% height of 
eye 18 feet, time by watch n h io m io* (or 22 d 23 h io m io»), which had been found to be 
31" 31 s slow on apparent time at ship, the difference of longitude made to the East was 24'*4, 
after the error on apparent time was determined : required the latitude. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, Sept. 7th, the observed meridian altitude of star Arcturus was 86° 35' 50*, 
bearing North, index oorrection — 1' 10", height of eye 12 feet : required the latitude. 

In the following table give the correct magnetic bearing of the distant object, and thence 
the deviation :— 

Correct magnetic bearing. 



by Standard 1 J 5?SlSKJ t 


Deviation 
Required. 


Ship's Head 

by Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 

Required. 

• 


North . .... 
N.E v 

S.E. ■••••• 


S. 86° W. 
8. 68 W. 
S. 66 W. 
8. 79 W. 




South . . • . 
S.W." • . . • 
West .... 
N.W 


N. 88° W. 
N. 8o W. 
N. 72 W. 
N.75 W. 





With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic 

Correct magnetic courses:— W. by 8. { S.; N. J E.; E. f N. ; S.E. J E. 
Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass Courses:— North; S.S.W. J W. ; E. by S. J 8. ; N.E. J E. 
Correct magnetic courses : — 

You have taken the following bearing of two distant objects by your Standard Compass 
as above, with the ship's head at N.N.E. } E., find the bearings, correct magnetic. 

Compass bearings :— N. 79 E. and W. J S. 
Bearings, magnetio :— 

EXAMINATION PAPER.— No. X. 

FOR SECOND MATE. 

1. Multiply 560072 by 50, by common logarithms. 

2. Divide 8491*9 by 98*4, by common logarithms. 
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3-- 



1 
H. 


Courses. 


1 

1 

K. 


tV 


1 

Winds. 


Lee- 
way. 


1 

| Dbvia- 

• TION. 


1 
Remarks, &c. 








pts. 


i 




I 


W.S.W. 


, 11 




South. 


i 


1 ii° w. 


A point, Cape Fare- 


a 
3 




11 
10 


4 








well, in lat. 59° 49* N., 
long. 43 54' W., bear- 
ingby compass N. J E. 
dist. 36 miles. (Snip's 


4 




10 


6 








; 5 


West. 


5 




S.8.W. 


1 


16 W. 


6 




5 










headW.8.W.) Dev. 


7 




4 


5 








as per log. 


8 




4 


5 










; 9 


S.E. 


13 


S.S.W, 


i 


io° E. 




1 10 




12 


2 










11 




1a 


4 










1 " 




12 


4 










1 1 


8. "by E. 


6 




S.W. by W. 


»i 


4°E. 




a 

3 

4 




5 
5 
4 


5 








Variation 70 West. 




5 










5 

6 l 


8/W. by 8. 


« 5 


S.E. by 8. 


3t 


5°W. 




7 ■ 

8 1 
9 


Calm. 


1 1 5 

• • • • 

1 


Calm. 








W. JN. 

S.W. ' 


> 

1 

3 


S.S.W. J W. 
W.N.W. 


4 


16 W. 


A current set (cor- 
rect magnetic) S.8.E., 


10 


7 I ^ 


6°W. 


» 




7 4 








48 miles during the 


1a 


1 


7 










24 hours. 



4. 1876, October 20th, in longitude 150 25' W., observed meridian altitude of sun's l.l. 
Wring North, was 49* 58' 50% index correction + *' lo \ height of eye 19 feet: required 
tie latitude. 

5. In latitude 59° 36' N., the departure made good was 52*9 miles East: required the 
difference of longitude by parallel sailing. 

6. Required the course and distance from A to B, by Mercator's Sailing. 

Latitude of A 9°36'S. Longitude of A 2°io'W. 

Latitude of B 7 16 8. Longitude of B 1 24 E. 

ADDITIONAL FOR ONLY MATE. 

7. 1875, Ootober 10th: find a.m. and p.m. times of high water at Calcutta, longitude 
88° E., Falmouth, and Scarborough. 

8. 1876, October 9th, at 5 h 51" a.m. apparent time at ship, latitude 18 45' S., longitude 
99° 18' E., sun's magnetic amplitude E. J N. : required the error of compass ; and supposing 
the variation to be i° 50' W. : required the deviation of the compass for the position of the 
ship's head at the time of observation. 

9. 1876, October 30th, p.m. at ship, latitude 32 45* N., observed altitude sun's l.l. 
28° 30', index correction + 2 ' 3°\ e 7 l8 feet, time by chronometer, October 30* n h 56™ 43% 
which was i m 28" slow for Greenwich mean noon, October 1st, and on October 8th, was 
j« 44*3 $ i 0W f or mean time at Greenwich : required the longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1876, October ist, mean time at ship 4 h 54™ p.m., latitude 17 8' 8., longitude 
152 33' E., sun's bearing by compass W. J N., observed altitude sun's l.l. 13 59', index 
corr. — 22", eye 17 feet: required the error of compass; and supposing the variation to 
be 7 40' E. : required the deviation for the position of the ship's head at the time of 
observation. 

11. 1876, October 2nd, a.m. at ship, latitude account 38 12' N., longitude 23° 34' W., 
observed altitude sun's l.l., South of observer, 47 ° 30', index correction — 1' 38*, eye 17 feet, 
time by watch i h 50™, (or i d i h 50",) which had been found to be 2 h tfafatt on apparent 
time at ship, the difference of longitude made to East was 43 miles : required the latitude. 

TT 
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ADDITIONAL FOB MASTER ORDINARY. 
11. 1876, October 7th, the observed meridian altitude of the star a Pegasi (Mtrkti) ni 
14° 10' 1 j*, bearing South, height of eye ij feet: required the latitude. 

In the following Utile givo the correct magnetic bearing of the distint object, and thence 



___ Correct magne tic b earing. 




by the Standard Compass 



With the deviation as above, give the counu you would st 
to make the following ooareee correct magnetic. 

Correct magnetio courses:— S.E.; N.E. J E.; S. io° W. ; K } K. 

Compass courses : — 

Supposing you have bteered the following coursos by the Standard Compass, rind the 
correct magnetic courses made from the above deviation table. 

Compass Coursei:-S.S.E. JK; 6. * W.; E. by N. JK.j N. JW. 

Correct magnetic courses : — 

You have taken the following bearing of two distant objenta by your Standard Compass 
at above, with the ihip'u buad at S.E. by E. * E., find tho bearings, correct magnetic 

Compass bearing! :— E. by 8. j 8, and W.N.W. 

Bearings, magnetic — 

EXAMINATION PAPER— No. XI. 

FOB SECOND MATE. e 

1. Multiply 45*3 by 976, by common logarithms. 

1. Divide 100-001 by t'ooii, by common logarithms. 

3-— 



| H. [ Couasas. 


K. 


A 


Winds. 


Sr 


Devil- 


RlWAJtKS, &0. 






4 
3 

* 
S 

s 


8 
5 

s 

5 


E. by N. 
N. by W. 


j1 


s' B. 
17' E. 


A point of land in 

latjJ'N.,long.uo'E. 
bearing by com past 
N. ly E. jE., diBt.16 
inilus. (Ship's head 
S. by K.) Deviation 
as per log. 






i 


6 


N. by W. 


■* 


17' W. 








b 

6 

6 

5 


3 
4 
S 
S 

K 


South. 


3 


13- E. 


Variation a j ° East 






J 

4 


1 
6 


N . by E. 


o 


o* E. 








4 

.; 

6 

6 
6 
6 


t 

3 

4 
3 


N.W. by N. 


3i 


H'W. 


A current set (cor- 
rectmagneticJE.N.E., 
1 1 miles, from tho time 
the departure was 
taken to the end of the 
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4. 1876, November 15th, longitude 80° 1 1' E., the observed meridian altitude of the 
sun's lj.., bearing North, was 67° 44', index error + 1' 38", height of eye 15 feet : required 
the latitude. 

5. In latitude 40 9 50' 8., the departure made good was 149 miles Eaat : required the 
difference of longitude by parallel sailing. 

6. Required the course and distance from the ship's position to the Lizard, by calculation 
on Hercator's prinoiple. 

Latitude of position 17 50' N. Longitude of position 76* 42' W. 

Latitude of Lizard 49 58 N. Longitude of Lizard 5 11 W. 

ADDITIONAL FOR ONLY MATE. 

7. 1875, November 12th : find a.m. and p.m. times of high water at Bombay, longitude 
73' E., Newhaven, and Torbay. 

8. 1876, November 10th, at 4 h 3™ 52° a.m. apparent time at ship, latitude 58* 13' 8., longi- 
tude 55* 47' E., the sun's magnetic amplitude S. by E. J E. : required the error of the com- 
pass; and supposing the variation to be 16* 30' E. : required the deviation of the oompass 
for the position of the ship's head when the observation was taken. 

9. 1876, November 30th, a.m. at ship, latitude 40° 40' 8., observed altitude sun's l;l. 
39 30', index error + 6" 24% eye 22 feet, time by chronometer, November 30* 2* 58™ 45% 
which was/orf io m 50**4 for Greenwich mean noon, October 13th, and on October 25th was 
10* 36* fast for Greenwich mean time : required the longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1876, November 15th, mean time at ship, 2 h 46" 43* p.m., latitude 45 31' 8., longi- 
tude 1 1 9 56' W., sun's bearing by oompass 8. 98}* W., observed altitude sun's l.l. 43* 45', 
index error — 56*, eye 20 feet : required the error of the oompass ; and supposing the varia- 
tion be 7° 50' W. : required the deviation of the compass for the position of the ship's head 
when the observation was taken. 

11. 1876, November 13th, a.m. at ship, latitude by acct. 50 52' 8., longitude 48°5i' W., 
observed altitude sun's l.l. was $6° °' N., index error + 23*, height of eye 19 feet, time by 
watch 4 a 34 s (or 13 d o b 4 m 34*), which had been found to be 43™ 24^ fast on apparent time 
at ship, the difference of longitude made to Wett was 9 miles after the error on apparent 
time was determined : required the latitude by reduction to meridian. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, November 7th, the observed meridian altitude of the star a Piscis Australia 
(FomalhautJ, bearing North, was 59 40', index eorreotion + 1' 12% height of eye 23 feet: 
required the latitude. 

In the following table give the oorreot magnetic bearing of the distant object, and thence 
the deviation :— 

Correct magnetic bearing. 



Ship's head 
by Standard 
. Compass. 



Bearing of 

Distant Object 

by Standard 

Compass. 



North 
N.E . 
East.. 
8.E. 



• • • • • 



8. 88° W. 
8. 70 W. 
8. 68 W. 
8. 80 W. 



Deviation 
required. 



Ship's head 

by Standard 

Compass. 



HI-- 



South. 

s.w ,. 

West. 
N.W. 



Bearing of 

Distant Object 

by Standard 

Compass. 



N. 88°W. 
N. 80 W. 
N. 72 W. 
N. 75 W. 



Deviation 
required. 



With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic. 

Correct magnetio courses :— W. by 8. J S. ; N.W. by W. J W. ; E. by S. J 8. ; S. J E. 
Compass courses : — 
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Supposing you have stoared the following courses by the Standard Compass, find the 
correct magnetic courses made, from the above deviation table. 

Compass coursea : — W. \ N. ; N. 41° W. ; S. 64 s E. ; N.E. \ N. 

Magnetic courses : — 

Yon have taken the following beaxingi of two diataot objects by your Standard Compass 
m above ; with the ship's head at W. by N. J N., Hod the bearings, correct magnetic 

Compass bearings : — W. J N. and S. 36* E. 

Bearings, magnetic ! — 

EXAMINATION PAPER.— No. XH. 
FOB SECOND MATE. 



Multiply «' 00694 by "'33318 by common logarithma. 
Divide 999'43 by 67'83», by common logarithms. 



E. Cousins. 


K.JA 


Wotds. 


Lie- 


"Sir 


Bbmaski, to. 




3 
3 

4 
4- 
6 

6 
5 


i 

5 

e 


N.JE. 
North. 




..= E. 
io° W. 


Apoint.latjo'o'N. 
long. 40* 0' W., bear- 
ing yooDg«_ 

dint. 1 6 miles. (Ship's 
head E. by N. J N.) 
Deviation as per leg. 
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West 


>i 


4'W. 






3 

s 


6 
6 

4 


Wert. 


■t 


J°W. 


Variation 36J Wert. 
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6 


I 


S.8.W. 


«. 


7°E. 






s 

5 
S 

3 
3 
3 


6 
S 
3 


S. by E. J E. 


3t 


6°W. 


A current set {cor- 
rect mag.) 8.8. W„ 6 
miles, bom the time 
the departure wai 
taken to the end of the 
day. 



4. 1876, Dec. 31st, in longitude 113 4.5' W., observed meridian altitude of ion's L.L. 
bearing South, was 67° S' 10% index correction -)- 9', height of eye 13 feet: required the 
latitude). 

5. In latitude 60* N., the departure made good was in mile* East: required the differeow 
of longitude by parallel Bailing. 

6. Requited the course and distance from Port San Francisco to Cape Falliser, by 
Heron tor's Sailing. 

Lat. Fort Ban Francisco 37° 48' N. Long. Port San Francisco 111* 14' W. 
Lat. Cape I'allisor 41 388. Long. Cape Falliser 175 ar E. 

ADDITIONAL FOE ONLY MATE. 



Ordinary Examination. 



3* 



8. 1876, December 28th, at 4 h n m 13' a.m., apparent time at ship, latitude 46 47' S., 
longitude 179 54' W., sun's magnetic amplitude S.E. by E. J E. : required error of compass ; 
and supposing the variation to be 15 30' E., required the deviation of the compass for the 
position of the ship's head at the time of observation. 

9. 1876, December 24th. a.m. at ship, latitude 33 33' S.» observed altitude sun's l.l. 
40*40' 40', index correction + 2' 20*, height of eye 19 feet, time by chronometer 8 h 7 m 37* 
p.m., which was 6 m 8 s slow for Greenwich mean noon, October 31st, and on November 12th 
was 7* 1 6** 2 slow for Greenwich mean time : required the longitude by chronometer. 

ADDITIONAL FOB FIRST MATE. 

10. 1876, December 27th, mean time at ship 8 h o m 10 s a.m., latitude 15 12' N., longitude 
130° W., sun's bearing by compass E. by 8. J 8., observed altitude sun's l.l. 20 15', index 
oorrection -f- 2' 5", height of eye 16 feet : required the error of compass ; and supposing the 
variation is 7 20' E. : required the deviation for the position of the ship's head at the time 
of observation. 

11. 1876, Dec. 4th, a.m. at ship, latitude acot. 51 54' 8., longitude 30 10' W., observed 
altitude sun's l.l., North of observer, was 59 59', index correction — 3' 11*, height of 
eye 20 feet, time by watch i2 m 10 s (or 4* o h i2 m io>), which had been found to be 42" io" 
fut on apparent time at ship, the difference of longitude made to the West was 10 miles after 
the error on apparent time was determined : required the latitude. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, Dec. 21st, the observed meridian altitude of star a Canis Minoris (Procyon) 
wm 52 51' 50", bearing North, index correction — 49", height of eye 21 feet : required the 
latitude. 

In the following table give the correct magnetic bearing of the distant object, and thence 

the deviation. 

Correct magnetic bearing. 



Ship's Head 

by Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


Ship's Head 

by Standard 

Compass. 


Bearing of 

DistantObject 

by Standard 

Compass. 


Deviation 
Required. 


North .... 

N.E 

East 

S3! 


8. 2 W. 
8. 4 W. 
8. 10 W. 
8. 16 W. 




t 
1 

1 South .... 

I O. TT • • • • t 

W 68 1 • • • • 

N.W 


8. 5 E. 
8. 24 E. 
8. 16 E. 
8, 3 E. 





With the deviation as above, give the courses you would steer by the Standard Compass, 
to make the following courses correct magnetic 

Correct magnetic courses :— N. 78° E, ; E.S.E. ; S.W. by W. J W ; N.JW. 

Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses :— S.8.E. ; W. by 8. } 8. ; 8. by W.JW.; S.E. J 8. 
Magnetic courses :— 

You have taken the following bearings of two distant objeots by your Standard Com* 
pass as above, with the ship's head at 8. W. by 8., find the bearings, correct magnetic 

Compass bearings:— W. by 8. \ 8. and N.N.W. 
Bearings, magnetic : — 

EXAMINATION PAPER—No. Xm. 

FOR SECOND MATE. 
t. Multiply 448000 by -0000448, by common logarithms, 
2. Divide *€^s$1S ^7 '°14*3» *J Goumm, Iqguittung. 
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I 
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J ° 


5 


N.W. 1 N. 
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IO 2 
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ii 4 
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ii 8 


9 


E. JN. 


3 4 


IO 




3 * 


ii 




3 ) o 


12 




2 8 



Winds. 



Lee- 
way. 



Devia- 
tion. 




Remarks, &c. 



Apoint,lat.62°i8'N. 
long. 83* 17' E., boar, 
by compass N.*E. ^ E. 
dist. 2 3 miles. (Ship's 
headS.S.W.) Devia- 
tion's* per log. 



Variation 42° E, 



A current set the ship 
S.W, i W. (correct 
magnetic) 52 miles. 



4. 1876, August nth, in longitude 92* 12' E., the observed meridian altitude of sun's 
L.L. was 42 42' 10*, zenith South of sun, index correction — 2' 50% height of eye 17 feet: 
required the latitude. 

5. ' In latitude 80* the departure made good was 80 miles : required the difference of 
longitude by parallel sailing. 

6. Required the course and distance from A to B, by Mercator's Sailing. 

Latitude of A 5 1° 30' N. Longitude of A 3 30' 30* W. 

Latitude of B 20 o N. Longitude of B 33 4 $6 W. 

ADDITIONAL FOR ONLY MATE. 

7. 1875, July 24th : find a.m. and p.m. tides at Point de Galle, long. 8o° E.> St Nazaire, 
and Jersey. 

8. 1876, October 28th, at 8 h 30™ a.m. apparent time at ship, latitude 49 40' N., longi- 
tude 1 1 6° 12' W., sun's bearing by compass E. io°40* N. : required the true amplitude and 
error of compass : and supposing the variation to be 23 50' E. : required the deviation 
for the position of the ship's head at the time of observation. 

9. 1 876, April 1 8th, a.m. at ship, latitude $o° 48' N., observed altitude sun's l.l. 3 8° 10' 50*, 
index correction + 45*, height of eye 16 feet, time by chronometer 9* 27™ 2", a.m. at Green- 
wich, whioh was o m 49**3 tUno for mean noon at Greenwich, March 17th, and on April 1st 
was i m 58"7 fast for mean time at Greenwich : required the longitude. 

ADDITIONAL FOR FIRST MATE. 

to. 1876, March 9th, mean time at ship 8 h n m 42 s a.m., latitude 19° 58' S., longitude 
57* 24' E., observed altitude sun's l.l. 28 23' 15", height of eye 16 feet, sun's azimuth 
E. 9 40' 8, : required the error of compass ; and supposing the variation to be 17 10' W. : 
required the deviation for the position of the Bhip's head at the time of observation. 

ii. 1876, July 28th, a.m. at ship, latitude account 3 8° 54' N., longitude 39° W., ob- 
served altitude sun's l.l. 69* 10' 8., index corr. -f- 1' 27% height of eye 23 feet, time bj 
watch n h 3 m 15 s , slow on apparent time at ship iZ m 45 s , the difference of longitude made 
to JBut was 32 miles after the error on apparent time was determined : required the latitude 
by redtwtton to meridian. 



s> 



Ordinary J&amiitatio, 



ADDITIONAL FOR MA8TBE ORDINARY. 
1S76, October Hth, the observed meridian altitude or a Grail was jo° 
ion — 1' ii*, height of eye 17 feet: required tho latitude. 
In the following table give the correct magnetic bearing of the diaUat object and thence 
the deviation. 






Correct magnetic bearing. 








ahip'a Head 
by Standard 
Compasa. 

South .... 

8.W 

West .... 
N.W 


Distant Object 
by Slandard 
Compau. 


Deviation 


North .... | S. if'W. i 

But ; S. It W. 

e.E s. 16 w. 


8. i'W. 
8. 7 E. 
8. 6 W. 1 
8. 11 W. 



a above, give the courses you wonld steer by the Standard Compass 

;3 correct magnetic. 

-S.W. by W. ; E.N.E. ; 8. by W.JW.; N.N.E. 



With the deviation ai 
to make the following cr 

Correct magnetic courses :- 

Compass courses: — 

Supposing yon have steered tho following courses by the Standard Compass, find tho 
oorrect magnetic courses made from the above deviation table. 

Compass courses:— N.E. by E. ; N.W. i N.; N.JE.; 8. by E. 

Correct magnetic courses : — 

You have taken the following bearings of two distant objects by your Standard Compaas 
ma above ; with the ship's head at S.S.W. J W., find the bearings, correct magnetic 

Compass bearings :— N.E. by E. and 8. W. by W. 

Bearings, magnetic : — 

EXAMINATION PAPER— No. XIV. 
FOR SECOND MATE. 

1. Multiply icoooi by S, by common logarithms. 

a. Divide 37"149 by 51376, by common logarithms. 
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4. 1876, Fab. 1 1 th 9 in longitude 3a 20' E., the observed meridian altitude of the sun's 
l.l. was 30 25' 10% observer North of sun, index correction — 3'. 15", height of eye 12 feet : 
required the latitude. 

5. In latitude 5 1° 10' the departure made good was 64*3 miles : required the difference of 
longitude by parallel sailing. 

6. Required the course and distance from A to B, by Mercator's sailing. 

Latitude A 43°24'S. Longitude A 65°3q'W. 

Latitude B 26 38 N. Longitude B 15 8 E. 

ADDITIONAL FOR ONLY MATE. 

7. 1875, April 2nd : find times of high water at Gape Virgin, longitude 68' W., Water- 
ford Harbour, and Banff. 

8. 1876, March 31st, at 6* i m 48* a.m., apparent time at ship, in latitude 6° 31' N., longi- 
tude 1 55 10' E., the sun's magnetic amplitude was E. 3 51' S. : required the error of com- 
pass ; and supposing the variation to be 6° E. : required the deviation for the position of the 
ship's head at the time of observation. 

9. 1876, May 27th, a.m. at ship, latitude 55° N., observed altitude sun's l.l. 43 9' 5% 
index correction — 14", height of eye 14 feet, time by chronometer o> 13* i2« a.m., which 
was tlow 48*5 for mean noon at Greenwich, April 9th, and on April 24th was fast o m 25* : 
required the longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1876, July 10th, 9 b 44 m a.m., mean time at ship, latitude 59* $6' N., longitude 
40* 20' W., observed altitude sun's l.l. 44 49', sun's magnetic azimuth 8. J W M height of 
eye 20 feet: required the error of the compass: and supposing the variation be 51 W. : 
required the deviation for the position of the ship's head at the time of observation. 

1 1. 1876, November 8th, p.m. at ship, latitude by account 33° 9' N., longitude 89° 42' E., 
observed altitude sun's l.l. 40° o', South of observer, index corr. — 6' 12', height of eye 19 
feet, time by watch 8 b 20™ 20*, (or 7 d 20 h 20* 20 s ), tlow on apparent time at ship, the dif- 
ference of longitude made to the East was 32*3 miles : required the latitude by reduction 
to meridian, 

• ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, July 19th, the observed meridian altitude of a Pavonis 32 50' 15", bearing 
South, index correction + 4* 4-8', height of eye 23 feet : required the latitude. 

In the following table give the correct magnetic bearing of the distant object, and 

thence the deviation : — 

Correct magnetic bearing. 



Ship's Head 

by Standard 

Compass. 



North 

N.E. . 
East . 
S.E. 



• • • • • 1 



Bearing of 

Distant Objeot 

by Standard 

Compass. 



S. 44° E. 
S. 56 E. 

£ 39 5- 
S. 12 E. 



Deviation 
Required. 



Ship's Head 

by Standard 

Compass. 



South 

S.W. 

West 

N.W. 



Bearing; of 

Distant Object 

by Standard 

Compass. 



Deviation 
Required. 



S. il° W. 
S. 13 W. 
8. 4 W. 
S. 12 E. 



With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic. 
Correct magnetic courses :— N.N.W. ; W.N. W. ; S.W. by W. ; W.S.W. 
Compass courses : — 

•Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 
Compass courses :— E.N.E.; S.S.E.; N.W. by W.; N.E. by E. 
Magnetic courses : — 

Tou have taken the following bearings of two distant objects by your Standard Compass 
as above, with the ship's head at N.E. J E., find the bearings, correct magnetic. 
Compass bearings :— N. by W., and E. by N. 
Bearings, magnetic ; — 
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'EXAMINATION PAPER.— No. XV. 
FOB SECOND MATE. 

Multiply syCi by 0-4188, by common logarithms. 



Divide j'6949 by 53'ojK, by ci 



n logarithmi 



REMARKS, ftc. 



A point lat 37* 37'N. 
long. o'4i' W. bear- 
ill g by compass 

N.W. by W. i W, 
dist. 25 miles. 
(Ship's head N.E.) 
Dev. hb per log. 



A current set by com- 

CE. by 8., 36 miles 
1 the time the de- 
parture was taken to 
the end of the day. 



4. 1876, November 11st, in longitude 70° :o' E., observed meridian altitude of the sun'a 
L.L. was So" 10', bearing North, index correction — 1' 50', height of eye 10 feet : required 
the latitude. 

j. In latitude 35 s 39', the departure made good 66 miles. 
6. Required the coarse and distance from A to B, by Mercator's sailing. 
Latitude A 6" 1* N. Longitude A 60° 14' E. 

Longitude B 39 15 E. 



Latitude ] 



ADDITIONAL FOR ONLY MATE. 



. and p.m., at Victoria River, 



7. 1875, September 1st : find the times of high water, a.: 
longitude 1 30 s E., and also at Beaehy Head and Antwerp, 

8. 1876, January 16th, at 7* 11™ p.m., apparent time at ship, latitude 43 s 4 
10° 6' "W., sun's magnetic amplitude W. 13 s 56' S. : required the error of compass; and 
apposing the variation to be 23° 10' W. : required the deviation of the compass for the 
position of the ship's head at the time of observation. 

9. 1S76, June 5th, a.k. at ship, latitude a° j' 8., observed altitude sun's l.l. j8° 4', 
index correction -f- 4' 15', eye 15 feet, time by chronometer, June 4 d u* 1 18" 41*, which was 
p 4" Jatt for mean noon at Greenwich, March 6th, and on March 14th was o m %• ilovi on 
mean tune at Greenwich ; required the longitude . 



33° 
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ADDITIONAL FOR FIRST MATE. 

10. 1876, November ioth, 8 h 45™ 38' a.m., mean time at ship, latitude 50* 30' N"., 
longitude 86° 43' £., observed altitude sun's l.l. 6° 7' 10% height of eye 15 feet, sun's 
magnetic azimuth S. 49° 50' £. : required the error of compass ; and supposing the variation 
to be 7 20' E. : required the deviation of the compass for the position of the ship's head at 
the time of observation. 

11. 1876, January 8th, a.m. at ship, latitude account 35° 10' S., longitude 55° 12' "W., 
observed altitude of sun's l.l. 76° 44', N., index correction -f- 1' 18*, height of eye 14 feet, 
time by watch 39 m 34% (or 8 d o* 39" 34*), which was 50'° 3* fast on apparent time at ship, 
the difference of longitude made to the East 21', after the error on apparent time 
determined : required the latitude. 



ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, February ist, longitude 50° W. } observed meridian altitude of the star a Canis 
Ma j oris (SiriusJ 37 ° 50' 20" S., height of eye 19 feet, index correction + 1' 4* : required the 
latitude. 

In the following table give the correct magnetic bearing of the distant object, and 
thence the deviation : — 

Correct magnetic bearing. 



Ship's Head 

by Standard 

Compass. 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
required. 



North 
N.E.. 
East . 
8.E. 



•••••• 



North. 
N. 12 E. 
N. 29 E. 
N. 36 E. 



Ship's Head 

by Standard 

Compass. 



Bearing of 

Distant Object 

by Standard 

Compass. 



South . • • • 
8. \r . «... 
West .... 
N.W 



N. 24° E. 
N. 5 E. 
N. 5 W. 
N. 5 W. 



Deviation 
required. 



With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following counes correct magnetic. 

Correct magnetic courses :— W.N.W. ; W.S. W. ; 8.E. by E. ; S.S.E. 
Compass courses :— 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses:— E. by S. J 8.; 8. by E. JE; N.W. by W.; W.J 8. 

Magnetio courses : — 

You have taken the following bearings of two distant objects by your Standard Compass 
as above, with the ship's head at E. by S. \ 8. find the bearings, correct magnetic. 

Compass bearings :— N. W. by W J W., and 8. by E. } E. 

Bearings, magnetic : — 



EXAMINATION PAPEEr-No. XVI. 

FOR SECOND MATE. 

1. Multiply 5940 by 530, and -00087214 by -001963, by common logarithms. 
a. Divide 9504000 by 98, and -9649 by 35*0583, by common logarithms. 



Ordinary JSxamination. 



33* 



3-~ 



i 

H. 


Coubsb8. 
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Remarks, &c. 
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dist. 2 { miles. (Ship's 


5 


S.W. by W. 


10 


6 


N.W. by W. 


i 


7°W. 


head W.N.W.) De- 


6 




10 
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viation as per log. 
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10 
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9 


N.byB. JE. 


7 


3 


N.W. 1 W. 


'i 


2j*W. 




zo 




7 


6 








, 


11 




7 


8 




1 






12 
1 


N.W. 


7 
11 


3 

4 


N.N.E. 


J 


8°W. 


Variation aa}° East. 


2 




11 


4 










3 




11 


8 










4 




11 


4 










5 


8.W. i W. 


3 


3 


W.N.W. 


3i 


7°W. 




6 




2 


8 










7 




2 


6 








A current set (oorrect 


8 




2 


3 








magnetioJS.S.W.JW. 


9 


N.E. J £. 


4 


7 


N. by W. J W. 


»f 


8°E. 


32 miles, from the time 


10 




4 


4 








the departure was 


11 




3 


6 








taken to the end of the 


12 




3 


3 








day. 



4. 1877, January ist, in longitude 167 54' E., the observed meridian altitude of sun's 
i*l., 8 3 40', zenith North of sun, index correction + 47", height of eye 23 feet : required 
the latitude. 

5. In latitude 6o° 5' S., longitude 179 17' W., a ship sails due West 96 miles: find the 
longitude in. 

6. Required the course and distance from A to B, by Mercator's Sailing. 



Latitude of A 8° 57' N. 
Latitude of B 36 50 8. 



Longitude of A 79 31' W. 
Longitude of B 174 49 E. 



ADDITIONAL FOB ONLY MATE. 



7. 1875, March 28th : find the time* of high water at Gibraltar, Port Louis (Mauritius), 
long. 57J E., and Halifax, long. 64 W. 

8. 1876, November 4th, at4 h 52 m 42 s a.m., apparent time at ship, latitude 46° 40' S., 
longitude 8° 57' W., sun's magnetic amplitude S.E. £ S. : required the error of compass; 
and supposing the variation to be 16° 30' W. : required the deviation of the compass for the 
position of the ship's head at the time of observation* 

9. 1876, Sept. ist, a.m. at ship, latitude 15° 31' 8., observed altitude sun's l.l. was 
15 18' 20", index correction — 20% hoight of eye 26 feet, time by chronometer, August 
31 d 20 11 n m 40*, slow i m jo« on April 15th, and on April 29th was o m 29* fast on Greenwich 

time: required the longitude. 
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ADDITIONAL FOB FIRST MATE. 

10. 1876, June 1st, 8 h 19™ a.m., mean time at ship, latitude 21 10' N., longitude 
6i° 30' E., observed altitude sun's l.l. 39° io', index correction — 15*, height of eye 18 feet, 
sun's magnetic azimuth E. } N. : required the error of compass ; and supposing the variation 
to be o° 50' E. : required the deviation of the compass for the position of the ship's head at 
the time of observation. 

11. 1876. April 13th, a.m. at ship, latitude account o°, longitude 147 s 10' E., observed 
altitude of sun's l.l. 80* 30', North of observer, index correction + 1' io*, height of eye 16 
feet, time by watch o h o m 12" which had been found to be 11 m i*faat on apparent time at 
ship, the difference of longitude made to the East was 8 J miles, after the error on apparent 
time was determined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, May 10th, the observed meridian altitude of a* Centuri was io° 4' 15*, (zenith 
North), index correction — 2' 10', height of eye 20 feet : required the latitude. 

13. At what time will the star a Aquilao (Altair) pass the meridian of the Land's End, 
on December 8th, 1876, and how far North or South of the Zenith. 

14. 1876, January 8th, at i h i8 m } what stars will be near the meridian of a place in 
long. 45 20' E. 

In the following table give the correct magnetic bearing of the distant object and thence 
the deviation. 

Correct magnetic bearing. 



Ship's Head 

by Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


1 
1 

Deviation ' 

Required. 


Ship's Head 
1 by Standard 
, Compass. 


Bearing of | 
Distant Object Deviation 
by Standard j Required. 
Compass. 1 

■ 


North .... 
N.E. •••••. 

SE 


8. 34 W. 
S. 30 W. 
8. 18 W. 
8. 2 E. 




' South .... 
I 8. W^ 

West .... 

N.W. .... 


S. 6°E. 

South. 

8. 13 W. 

8. 25 W. 





With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic. 

Correct magnetio courses :— 8. by W. J W.; E. JN.; N. byE. JE.; N.JW. 

Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses:— S. by E. J E. ; E. J 8. ; S.W. by S. ; N. } E. 

Correct magnetio courses :— 

You have taken the following bearings of two distant objects by your Standard Compass 
as above ; with the ship's head at S. by W. £ W., find the bearings, correct magnetic 

Compass bearings :— W. } S. and E. by N. £ N. 

Bearings, magnetic : — 



h 
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EXAMINATION PAPER.— No. XVII. 

FOR SECOND MATE. 

i. Multiply 30*24 by 12*5, and 034632 by "397302, by common logarithms. 

2. Divide 8100900 by 900, and "00005 by 2 *5> by 25, and by '0000025 by common logs. 

3-— 



H. 



1 

2 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 

1 

2 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 



Courses. 


K. 
'3 


2 


N.E. i E. 




12 


9 




13 


5 




13 


4 


W.8.W. 


3 


5 




4 







4 


1 




3 


8 


E. by N. 


12 


2 




12 


4 




12 


6 




12 


8 


N.byW.JW. 


2 • 


4 




2 


3 




2 


3 




2 





S.|W. 


6 


9 




6 


8 




6 


8 


E. by N. 1 N. 


7 
11 


5 
5 




12 


2 




11 


6 




11 


7 



Winds. 



Lee- 
way. 



i pts. 
N. by W. i W. i 



N.W. 



N. by E. 



N.E. i E. 



W. by S. 



N. by E. i E. 



*i 



i 



Devia- 
tion. 



4°E. 



9i°W. 



ii° E. 



4°W. 



2* W. 



8-E. 



Remark 8, &c. 



A point of land inlat. 
co°25'S.,long. 1 79°4o'E 
bearing by compass 
N.byW.JW.dist. 16 
miles. (Ship's head 
N.E. J E.) Devia- 
tion as per log. 



Variation 14 East. 



A current set by 
compass E.N.E., 42 
miles, from the time 
the departure was 
taken to the end of the 
day. 



4. 1876, September 23rd, in longitude 57 45' E., observed meridian altitude of sun's 
L.L., 84^10' 50', bearing North, index correction — 1' 36% height of eye 16 feet: required 
the latitude. 

5. In latitude 52 S., longitude o° 40' W., a ship sails 136 miles due East : required the 
longitude in. 

6. Required the course and distance from A to B. 

Latitude of A 5 21' N. Longitude of A 163° 1' E. 

Latitude of B 36 50 S. Longitude of B 73 6 W, 

ADDITIONAL FOR ONLY MATE. 

7. 1875, December 12th: find a.m. and p.m. tides at Aberdeen Bar, Penzance, King's 
Road (Bristol Channel), and Southampton. 

8. 1876, November 5th, at 5 h io» p.m. apparent time at ship, in latitude 20 45' N. } 
longitude 11 6° 4^ E., sun's magnetic amplitude was S.W. } W. : required the error of 
compass ; and supposing the variation to be i° E. : required the deviation of the compass 
for the position of the ship's head at the time of observation* 

9. 1876, August 5th, a.m. at ship, latitude at noon 30 30' N. y observed altitude sun's 
i.l. 35 6', height of eye 16 feet, time by chron. 8 h 39 01 22* p.m., which was fast 29™ 32»*4 
on Greenwich mean noon, July 8th, and on July 20th, was fast 30™ o* on Greenwich m 
noon ; course till noon West (irue) 48 miles : required the longituds in si noon. 
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ADDITIONAL FOR FIRST MATE. 

10. 1876, August 13th, mean time at ship 9 h 5 m 2o« a.m., latitude 30 46' R., longitude 
78° 50' W., sun's bearing by compass N. 25 E., observed altitude sun's l.l. 27° 12', index 
correction + 1' 45", height of eye 2 1 feet : required the true azimuth and error of compass ; 
and supposing the variation to be \6 y 20' E. : required the deviation of the compass for the 
position of the ship's head at the time of observation. 

11. 1876, Jane 12th, p.m. at ship, latitude account 15 50' S., longitude 72 12* E. t 
observed altitude of sun's L.L., 50° 10' io*, zenith South of obaerver, index correction — 5' 40% 
height of eye 26 feet, time by watch 28™ 40" (or i2 d o h 28™ 40*), which had been found to be 
stow 4 m 44 s on apparent time at ship, the difference of longitude made to Wett was 16 J', after 
the error on apparent time was determined : required the latitude. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, December 7th, the observed meridian altitude of the star a Arietis was 
6o° 29' 50% zenith North of star, index correction — 2' 10% height of eye 18 feet: required 
the latitude. 

In the following table give tho correct magnetic bearing of the distant object, and thence 
the deviation. 







Correct magnetic bearing. 






Ship's Head 

by Standard 

Compass. 


Bearing of 

Distant Object 

by Standard 

Compass. 


Deviation 
Required. 


1 

Ship's Head 
' by Standard 
Compass. 


| Bearing of 
Distant Object 1 Deviation 
by Standard 1 Required. 
Compass. 


North .... 

N.E 

East 

D.E. ...... 


8. 2 W. 
8. 10 E.' 
8. 23 E. 
8. 34 E. 


1 
1 


1 

South .... 

S.W 

w est ■ • a • 
N.W 

1 


8. 35° E. 
8. 30 E. 
8. 20 E. 
8. 10 E. 





With the deviation as above, give the courses you would steer by the Standard Compass, 
to make the following courses correct magnetic 

Correct magnetio courses :— N. W. J N. ; S.W. by 8. £ 8. ; N.N.E. ; N. J W. 
Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses:— 8. J W. ; S.E. J E. ; W.S.W. ; S. by E. J B. 
Magnetic courses :— 

You have taken the following bearings of two distant objects by your Standard Com- 
pass as above, with the ship's head at N. J E., find the bearings, correct magnetic. 

Compass bearings : — W. by N. and N.W. J W. 
Bearings, magnetio :— 



EXAMINATION PAPER— No. XVHI. 

FOR 8ECOND MATE. 

1. Multiply 7642 by 7429'.$, and 0*00064 by 100004, by common logarithms. 

2. Divide '39765 by 35, ajad 1000000 by 'ooooooi, by common 
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3-— 


H. 


C0URSE8. 


JK.j* 


Winds. 


Lee- 
way. 


Devia- 
tion. 


Remabxs, &c. 








pts. 






i 


1 N. by W. 


! 6 4 


W. by N. 


»j 


8° W. 


A point, lat. 57 ° 0' N. 


2 


i 


6 3 








long. 40 0' W., bear- 


3 




5 6 








ing by compass 

N.E. by E. \ E. 


4 




1 5 4 








5 


S.S.W.JW. 


4 » 


W. i N. 


** 


5°W. 


dist. i9miles. (Ship's 


6 




1 4 1 a 








headN.JW.) Devia- 


7 




'3,7 








tion as per log. 


8 




; 3 6 










9 


• N.N.E. }E. 


4 


2 


N.W. } N. 


2 


i 3 °E. 




IO 


1 


4 


4 










XI 




4 


5 










12 




4 


5 










I 


W. by N, 


3 


4 


N. by W. 


*1 


i7j°W. 




2 




3 


4 








Variation 48 W. 


3 




3 


6 










4 
5 


8.E. % E. 


3 
9 


7 
8 


8.S.W. 


J 


ii° E. 




6 




10 


5 










7 




11 


2 










8 




IO 


8 










9 


S.JW. 


3 


2 


w.s.w. 


2f 


2°W. 


A current set correct 


IO 




3 


3 








magnetic W.N. W. for 


ii 




2 8 








the last 5 hours, 3 


12 

1 




2 


7 








miles an hour. 



4. 1876, June 25th, in longitude 59* 15' E., the observed meridian altitude of sun's 
u.l. bearing North, was 6o° 23' 15% index correction + 2' 21% height of eye 30 feet: 
required the latitude, 

5. A ship sailed due West 120 miles from Cape Roca, in latitude 38 46' N., and longi- 
tude 9 30' W. : required the longitude of the ship. 

6. Required the compass course and distance from Gape East, New Zealand, to San 
Francisco. Variation 14 20' E., and deviation 5 40' E. 



Latitude Cape East 37° 40' S. 
Latitude San Francisco 37 48 5 N. 



Longitude Cape East 17 8° 36' E. 
Longitude San Francisco 122 24 W. 



ADDITIONAL FOR ONLY MATE. 



7. 1 875, August 7th : find times of high water a.m. and p.m. at Hong Kong, long. 1 14 E., 
New York (Sandy Hook), long. 74 W. } and Skull. 

8. 1876, June 24th, at 6* a.m. apparent time at ship, latitude o° N., longitude 12 3' W., 
ran at setting bore by compass S.E. by E. J E., variation by chart was 2i°4o' W. : required 
the error of compass and the deviation. 

9. 1876, September 22nd, a.m. at ship, on the Equator, observed altitude sun's u.l. 
17° 20*40*, index correction — 1' 18", height of eye 20 feet, time by chronometer September 
aa d 4 h 59 ra i6 - , which was slow 15* for Greenwich mean noon, April 30th, and on June 1st 
fast io»*6 for mean time at Greenwich : required the longitude. 
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ADDITIONAL FOE FIRST MATE. 

10. 1876, March net, mean time at ship 3 h 15" p.m., latitude^ 7' S., longitude i59°4* W., 
Bun's bearing by compass W. j S., the observed altitude sun's l.l. 42 49' 45% index 
correction — 3' 14", height of eye 21 feet, variation by chart 7 50' E. : required the error 
of the compass and deviation. 

if. 1876, October 4th, a.m. at ship, latitude account 30° 24' 3., longitude 140° 30" E., 
observed altitude sun's l.l. North of observer was 63* 37' 10", index oorr. — i' 15*, height 
of eye 21 feet, time by watch October 3 d 22 h 37 m 15% which had been found to be i h 10™ 20" 
slow on apparent time at ship, the difference of longitude made to East was 23J miles after 
the error on apparent time was determined : required the latitude. 



ADDITIONAL FOR MASTER ORDINARY. 

12. 1876, June 10th, longitude 25 W., the observed meridian altitude of the star 
Oassiopere, bearing South, was 85 o' 20% index correction + 34', height of eye 18 feet: 
required the latitude. 

In the following table give the correct magnetio bearing of the distant object! and thence 
the deviation : — 

Correct magnetic bearing. 



Ship Head 



Bearing of 



*?%£3!£i I Distant (Jbject 
by Standard h _ at-^-i 



Compass. 



North 

N.E. ,»>»», 

East 

8.E 



by Standard 
Compass. 



Deviation 
Required. 



N. i8°W. 
N. 17 W. 
N. 13 W. 
N. 8 W. 



^i2E£^ b * Standard 
Compass. compass. 



South 
S.W. 
West 
N.W. 



N. 2 W. 
N. 1 E. 
N. 1 W. 
N. 6 W. 



Deviation. 
Required. 



With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic. 

Correct magnetic courses:— W.S.W.; N.E. by E.; S. by E. ; W. J S. 
Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass Courses :— S. W. £ W. ; S. J W. ; E. J N. ; E.8.E. 
Correct magnetic courses : — 

You have taken the following bearing of two distant objects by your Standard Compass 
as above, with the ship's head at N.E. J E., find the bearings, correct magnetic. 

Compass bearings : — W. J S. and N.E. by E. 

Bearings, magnetic : — 



EXAMINATION PAPER.— No. XIX. 

FOB SECOND MATE. 

1. Multiply 6054 by 912, and 2070*5 by 62*0898, by common logarithms. 

2. Divide 1 1 7 658 by J4^93 2 > «** ^7 34* by '*>*> by common logarithms. 
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3-— 



H. 

t 


Courses. 


K. 


i 

l 


I 

1 Winds. 


Lee- 
way. 


Devia- 
tion. 


Remarks, &c. 


i 

2 


S. JW. 


1 

4 , 5 

4 ' 2 


W. by 8. 


pts. 
2^ 


5°JB. 


Apoint,lat. 62°2o'N. 
long. 64° 40' W., bear- 


3 

1 

6 


S.W. f W. 


4 

3 9 
3 5 
3 I 4 


S. by E. 


3i 


9 W. 


ing by compass 

W. by N.iN., 
diflt. 21 miles. (Snip's 
headS. JW.) Devia- 


7 
8 

9 


E.|S. 


3 
3 
5 


2 

3 
4 


8. by E. 


•i 


i5°E. 


tion as per log. 


IO 




5 


3 










ii 




4 4 










12 

I 


W.N.W. 


4 1 2 

3 I 6 


North. 


3 


19 W. 


Variation 59 West. 


2 


^ 


4 ! 5 










3 




5 3 










4 
5 


N.W. J N. 


5 

10 


7 

2 


E.N.E. 





17 w. 




6 

7 




ii i 4 

12 6 








A current set by 


8 
9 

IO 

ii 


E. JN. 


'3 4 
5 1 5 
5 : 4 
5 4 


N. by E. 


3i 


i8°E. 


compass E. by 8. J S., 
49 miles, from the time 
the departure was 
taken to the end of the 


12 




5 










day. 



4. 1876, June ist, in longitude 44 40' E., observed meridian altitude of sun's l.l. was 
72° 14' io*, zenith North of sun, index correction + 3' 45", height of eye 22 feet: required 
the latitude. 

5. In latitude 32 3' 8., longitude 179 45' W., a ship makes 54 miles West, then 80 miles 
North : what is the longitude in, also find the compass course and distance ; variation 18 E. ; 
ist deviation 4 5' E. ; 2nd deviation 3 10' W. 

6. Bequired the course and distance from Cape Lopatka to Callao. 

Lat Cape Lopatka 50 33' N, Long. Cape Lopatka 156 46' E. 

Lat. Callao 12 48. Long. Callao 77 14 W. 



ADDITIONAL FOR ONLY MATE. 

7. 1875, May 4th : find the a.m. and p.m. tides at Aberdeen, Wick, Fecamp. 

8. 1 876, December 28th, at 4 h 35™ a.m., apparent time at ship, latitude 40 10' S. f longi- 
tude 75° E., sun rose by compass South : required error of the compass ; and supposing the 
variation to be 19 10' W. : required the deviation of the compass for the position of the 
■hip's head when the observation was taken. 

9. 1876, January 29th, p.m. at ship, latitude at noon 28° 45' N., observed altitude sun's 
l.l- 1 7 46' 30 7 , index correction — 3' 25*, height of eye 16 feet, time by a chronometer, Jan. 
28 d i6 h 3i m 30% which was i m \6 % '$fast for mean time at Greenwich, December 17th, 1875, 
and on January ist, 1876, was i m 3" Blow for mean time at Greenwich; course since noon 
N/W. by W. (true), distance, 20 miles: required the longitude at the time of observation, 
and also at noon. 

XX 
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ADDITIONAL FOR FIRST MATE. 

10. 1876, July 10th, mean time at ship 3 h 14™ 1* p.m., latitude 3 8° 2' S., longitude 
140 58' E., sun's bearing by compass N. 2 15' E., observed altitude sun's u.l. 14 56' 30", 
in<k-x correction + 3' 30", height of eye 19 fert, vnriation by chart 6* 45' E. : required the 
deviation of the compass for the position of the ship's head. 

11. 1876, November 29th, p.m. at ship, latitude account 6' 20' S., longitude 123° 25' E., 
observed altitude of sun's l.l. 74°, index correction -|- 4' o", eye 19 feet, time by watch 
November 28 d 22 h 46™, which had been found to be i h 27™ slow on apparent time at ship, 
the difference of longitude made to the West was 12' 3 miles after the error on apparent time 
was determined : required the latitude. 

ADDITIONAL FOR MASTER ORDINARY. 

« 

12. 1876, May 15th, the observed meridian altitude of star Ononis 52° 20' 30*, zenith 
North of star, index correction — 4' 10", height of eye 15 feet: required the latitude. 

13. 1876, September 4th, what bright stars in the Nautical Almanac will pass the 
meridian of a place in longitude 54° 40' E., between the hours of seven and ten. 

14. 1876, June 15th, observed meridian altitude of 17 Argus, under the South pole, was 
47° 5°' 3°*> index correction + 3' 20', height of eye 20 feet : required the latitude. - 

In the folldwing table give the correct magnetic bearing of the distant object, and thence 
the deviation :— 

Correct magnetic bearing. 



Ship's head 

by Standard 

Compass. 



Bearing of 

Distant Object 

by Standard 

Compass. 



Deviation 
required. 



8hip's hood 

by Standard 

Compass. 



North ..... S. 23° E. 

N.E ' 8. 11 E. 

East S. 5 W. 

S.E S. 20 W. 



South. . . . 

S.W 

West. . . . 
N.W. ... 



Bearing of 

Distant Object 

by Standard 

Compass. 



S. 6°W. 
S. 18 E. 
S. 21 E. 
S. 22 E. 



Deviation 
required. 



With the deviation as above, give the courses you would steer by the Standard Compaas 
to make the following courses correct magnetic. 

Correct magnetic courses :— 8. JW.; E. by N. ; S.E. by S. ; W. by N. 
Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made, from the above deviation table. 

Compass courses :— N.W. by N.; W.N.W.; S.E.byE.; N.N.E. 
Magnetic counes : — 

You have taken the following bearings of two distant objects by your Standard Compass 
as above ; with the ship's head at S.E. by S., find the bearings, correct magnetic. 

Compass bearings:— N. 84 W. and N.W. by W. \ W. 
Bearings, magnetic : — 

EXAMINATION PAPER— No. XX. 
FOE SECOND MATE. 

1. Multiply 6893 by 11300, and -0001468 by '000395. by common logarithms, 

2. Divide 7122 by 8*9596, and 268430 by -003010. by common logarithms. 
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H. 



i 

2 

3 

4 

5 
6 

7 
8 

9 

io 

ii 

13 

I 

3 
4 
5 

7 
8 

9 
io 

n" 

•12 



Courses. 



S.E. i E. 



E.*S. 



N.byW.JW. 



S.S.W. i w. 



N.E. J N. 



S. JE. 



K. 


iV 


13 


7 


'4 




13 


2 


J 3 


3 


IO 


4 


IO 


4 


IO 
IO 


5- 


4 
3 


6 


3 


4 


3 
ii 


4 
6 


ii 
ii 


7 
8 


ii 


4 


7 


2 


7 


3 


7 


4 


7 


2 


ia 


5 


12 




12 


3 


12 


4 



Winds. 


Lee- 
way. 


NJE.byE.JE. 


pts. 

i 


S. by E. } E. 


i 


N.E. i E. 


*i 


S.E. £ S. 


i 


E. by S. i S. 


I 


E.S.E. 


i 




n°E. 



14 E. 



8J°W. 



2J W. 



14 E. 



3°E. 



Remarks, &o. 



Apoint,lat. 59 49'N. 
long. 44" 10' W., bear- 
ing by compass 

N.W. J W., dist. 
30 miles. (Ship's head 
S.E. J E.) Deviation 
as per log. 



Variation 53J W. 



A current set by com- 
passS.E. JE. i*7 knots 
per hour from the time 
the departure was 
taken to the end of 
day. 



4. 1876, October ist, longitude 84 40' E., the observed meridian altitude of sun's u.l., 
zenith North, was 57 ' 20' 30% index corrrection — 3' 36", height of eye 17 feet: required 
the latitude. 

4.* 1876, July 2nd, in longitude 45 15' E., observed meridian altitude of the sun's l.l., 
below the pole, was io° 19' 45", index correction — 1' 15', height of eye 12 feet: required 
the latitude. 

5. A ship from latitude 35 30' S., longitude 27 28' W. t sailing due East (true) 301 
mflefl : required the compass course steered, and what will be the longitude in, variation if 
point E., and deviation 8° 50' E. 

6. Required the course and distance from A to B. 

Latitude of A io° 8' S. Longitude of A 175 18' E. 

Latitude of B 23 12 N. Longitude of B 141 15 E. 

Variation J point West, and deviation 7 15' West. 

ADDITIONAL FOR ONLY MATE. 

7. 1 875, March 1 8th : find the times of high water, a.m. and p.m., at Cadiz, Southampton, 
l'eqnena (S.W. coast of Africa), longitude 15 E. 

8. 1876, April 25th, at 7 h 22™ 8" p.m. apparent time at ship, latitude 57 18' S., longitude 
101° 50' E., sun's setting by compass N. J E., variation by chart 35 50' W. : required the 
error of the compass and deviation. 

9. 1876, August 24th, a.m. at ship, latitude at noon 37 59' N., observed altitude sun's 
x*x>. 37° 13' 30*, index corr. -|- 2' 40*, eye iS feet, time by chronometer, August 24* 6 b 13™ 24% 
a.m. at Greenwich, which was i m 5" /art for mean noon at Greenwich, August ist, and on 
August 10th was o™ 42 s slow for mean time at Greenwich, course since observation N.N.W., 
2a' a 4 (true) : required the longitude at noon. 
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ADDITIONAL FOB FIRST MATE. 

10. 1876, November ist, mean time at ship, 8 h 40" a.m., latitude 50° 21' N., longitude 
*3° 56' W., sun's bearing by compass 8. J W., observed altitude sun's l.l. ia* 19', index 
oorr. — 3* 20", eye 21 feet : required the error of the compass ; and supposing the variation 
to be 33 20' W. : required the deviation for the position of the ship's head at the time of 
observation. 

11. 1876, May 29th, a.m. at ship, latitude account o° 31' S., longitude 150 40' W. f ob- 
served altitude sun's l.l. 67 41' N., index correction + i', height of eye 20 feet, time by 
watch May 29* 3 h 32", /art on apparent time at ship 3 h $% m , the difference of longitude made 
to East was 26-9 miles, after the error on apparent time was determined : required the lati- 
tude by reduction to meridian. 



ADDITIONAL FOR MASTER ORDINARY. 

22. 1876, June 17th, the longitude 98 W., observed meridian altitude of a Serpentis, 
zenith South of object, was 29 o' 40*, index correction + 4' 20% height of eye 24 feet : 
required the latitude. 

13. 1876, June 15th, at what time will a Serpentis pass the meridian of a place in lati- 
tude 37* N. and longitude 15° 30' E. ; what distance N. or S. of the Zenith ? 

14. 1876, May 1 8th, observed meridian altitude of i) Draoonis under the North Pole was 
34 56' 15", index correction — 5' 45*, height of eye 22 feet : required the latitude. 

15. At the Gape of Good Hope the variation is about 28° W., if the sun at noon bears due 
North by compass, what is the deviation P 

In the following table give the correct magnetic bearing of the distant object and thence 
the deviation. 

Correct magnetic bearing. 



Ship's Head 

by Standard 

Compass. 



North 
N.E. ., 
East ., 
S.E. 



•••••• 



Bearing of 

Distant Object 

by Standard 

Compass. 



S. 29 E. 
S. 33 E. 
S. 47 E. 
S. 63 E. 



Deviation 
Required. 



Ship's Head 

by Standard 

Compass. 



South 
S.W. 
West 
N.W. 



• • • • 

• • • • 

• • • . 



Bearing of 

Distant Object 

by Standard 

Compass. 



8. 69° E. 
S. 64 E. 
S. 48 E. 
8. 38 E. 



Deviation 
Required. - 



With the deviation as above, give the courses you would steer by the Standard Compass 
to make the following courses correct magnetic. 

Correct magnetic courses:— S.W. \ W. ; S.S.E. J E. ; W. by N. J N. ; N. J E. 
Compass courses : — 

Supposing you have steered the following courses by the Standard Compass, find the 
correct magnetic courses made from the above deviation table. 

Compass courses:— N.E. by N. \ N. ; S.W. by V.JW.j S. J E. ; S.W. 
Correct magnetic courses :— 

You have taken the following bearings of two distant objects by your Standard Compaaa 
as above ; with the ship's head at N.N.E., find the bearings, correct magnetic 

Compass bearings :— S. by W. and W. by N. J N, 
Bearings, magnetic:— 



On tke Sextant. 343 



be preferred, as possessing greater magnifying power, and thus showing a 
better contact of the images of the objects. Two wires parallel to each other, 
and to the plane of the instrument, are placed in the inverting telescope, 
within which limit the observation should be made. In the quadrant the 
telescope is omitted, and the eye is applied to a small circular orifice in a 
piece of brass, placed in the same position as the telescope in the drawing. 

Dark glasses of different colours and shades are a necessary accompaniment 
to the sextant to enable the sun to be observed, and they are usually attached 
to a hinged joint at K. Four of these glasses or shades are placed at 0, 
between the index and horizon-glasses, so as to admit of one or more of them 
being interposed between the iodex and horizon-glass, to moderate the light 
of any brilliant object seen by reflection. Three more such glasses, some- 
times called back shades, are placed behind the horizon-glass at K, any one 
or more of which can also be turned down to moderate the intensity of the 
light before meeting the eye, when observing a bright object, such as the 
sun. There is also a dark glass which can be placed at the eye-end t of the 
telescope, which method is preferable to the other, as no error in this is liable 
to be introduced in the passage of the rays from the index to the horizon- 
glass.* 

When observing, the instrument is to be held with one hand by the handle 
P placed at the back of the frame, while the other hand moves the index. 

3 1 o. Reading off the Angle. — The following brief directions for reading off 
will be more readily understood by the learner, if he place a sextant before 
him for reference and examination. 

It will be seen that the arc is divided into degrees from o° to about 140 ; 
every 10th degree is numbered from o to 140 ; the space between every io° 
is divided into 10 equal parts by straight lines; consequently, every part is 
i°; every fifth line is made a little longer than the others, to represent every 
fifth degree ; and (in the best instruments) every degree is sub-divided into 
six equal parts by lines shorter than those which represent the degrees ; those 
short lines divide every degree into sixths of a degree, or 10'. We will 
suppose it is an instrument of this kind before the learner. The index, up to 
which an arc is read off, is a line cut in a plate at the end of the moveable 
radius, and is generally distinguished from the other line on the plate by a 
diamond-shaped mark, resembling a spear-head. Supposing this index to 
stand exactly at any of the lines on the arc, that is, so that the two lines are 
in the same direction ; in such a case the reading off is easily known, for it 
must be a certain number of divisions and sub-divisions, of which the value 
is seen at once. Thus, if it coincide, for example, with the second line to the 
left of 40 , then the reading off will be 40 20', since each line on the arc 
represents 10'. 

* With respect to the dark glasses, when it is possible (as in observing altitudes of the 
sun in the mercurial horizon, &c.) to make the observation with a single dark glass on the 
eye-end of the telescope, without using any shade, this should always be done, for the error 
of this dark glass does not affect the contact at all, and the distortion caused by it is not 
magnified, whereas any fault in the dark shade between the index and horizon-glasses 
produces actual error in the observation, and the distortion is magnified subsequently by 
the telescope. 
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But suppose the index not to stand exactly at any line whatever on the arc, 
but somewhere between two, as in the above example, between the second 
and third line from 40 , suppose it appeared to be about half-way between 
the second and third lines (the learner may place it in that position). But 
as this is a rough and imperfect way of estimating the additional minutes 
and seconds beyond the second division from 40 , the exacWalue of this small 
space is known by means of a few divisions on the index plate to the left of 
the index, and called the vernier. These divisions are made less than the arc 
divisons, so that the line on the plate immediately to the left of the index is 
somewhat nearer to the corresponding one on the arc than the small space to 
be determined. It is nearer thereto, as is manifest by difference of a division 
on the arc and one on the index plate. In like manner the second line, 
reckoning from the index, must be nearer to the corresponding line by two 
differences, the third by three, and so on. At length, therefore, there must 
be a coincidence of two lines, or nearly so, that is, they must appear to an eye 
placed directly over them to lie in the same direction, or nearly so. And 
since, upon the whole, the lines on the vernier have approached those upon 
the arc through the small part the index is in advance of 20', this excess must 
be equal to as many times the difference of two divisions, as there are lines, 
reckoning from the index, before this coincidence takes place. Hence, if we 
know the value of a difference, we shall know the value of the small arc to 
be measured. 

This difference is known as follows : By examining the arc of the sextant 
before us, it will be seen that 60 divisions of the vernier just cover or coincide 
with 59 divisions on the arc, or the difference between a divison on the arc 
and one on the vernier is -fo of a division of the arc ; if therefore a division 
on the arc is 10', th'e difference will be -^ of 10' or 10". Every sixth division 
of the vernier being distinguished by a figure denoting minutes, and the in- 
terval between each of these figures is divided into six parts of 1 o" each. 

311. To read off on a Sextant. — First examine the divisions and sub- 
divisons on the arc, up to the line which stands before the index. We then 
move the microscope on the vernier and examine the numbered lines. If any 
one of these coincides in direction with the opoosite one on the arc, the read- 
ing off to be added will be so many minutes ; if not, we observe between 
which numbered lines the coincidence actually takes place, and then reckon 
the preceding minutes as numbered, and afterwards the sub-divisions of the 
vernier, as so many minutes or seconds. Let us now suppose the indox to 
stand between the second and third divisions from 40 . In reading off, first 
40 20' is noted on the arc, and then running the microscope farther on the 
arc, it is observed that a line on the vernier and an arc line are in the same 
direction, between the lines on the vernier marked 5 and 6. The farther 
reading off is therefore 5' and some seconds. On examining the interval 
between 5 and 6, which is divided into six equal parts, the fourth line to the 
left of 5 is found to be in the same direction with the opposite one on the arc. 
The remaining reading off is therefore 40". Hence the whole reading off is 
40 25' 40". 
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The sextant supposed under examination is marked to read off to the 
nearest 10" ; some instruments are graduated to i $" or 30", &c, but the same 
method of reading off is to be followed as pointed out above. 

312. To read off on the arc of excess. — As has been observed before, the 
graduation of the arc of the sextant is usually continued to the right of o° or 
zero, in which case we have to read olf an arc divided from left to right by 
means of an index which is divided from right to left; this, however, is easily 
done if we remember that the line on the vernier marked 10' must be con- 
sidered as the commencement of the divisons, 9' must be considered as 1', 8' 
as 2', 7 as 3', &c. ; or else take the difference between the minutes and seconds 
denoted by the vernier and 10' ; thus if the coincidence of lines on the arc 
and vernier is at 7' 20", we must read this as 2 40" ; if at 5' 40" we must read 
this as 4 20", and so on. 

ADJUSTMENTS OF THE SEXTANT AND QUADRANT. 

313. The adjustments of the sextant and quadrant are: — (1) To set the 
index-glass and (2) the harizon- glass perpendicular to the plane of the instrument; 
(3) to adjust the line of collimation of the telescope, i.e., to set the axis of the 
telescope parallel to the plane of the instrument ; (4) and to set the horizon-glass 
parallel with the index-glass, when o (zero J on the vernier coincides with o (zero J 
on the arc; then, if the adjustments cannot be perfected, (5) to find the index 
error of the instrument : — 

1st. The index-glass, or central mirror, must be perpendicular to the 
plane of the instrument. — Place the index to about the middle of the arc. 
Hold the sextant with its face up, the index-glass being placed near the eye, 
and the limb turned from the observer. Look obliquely down the glass; 
then, if the part of the arc to the right, viewed by direct vision, and its image 
in the mirror, appear as one continued arc of a circle, the adjustment is perfect ; 
if the reflection seems to droop from the arc itself, the glass leans back ; if it 
rises upward, the glass leans forward. The position is rectified by screws at 
the back. 

2nd. The horizon-glass, or fixed mirror, must be perpendicular to the 
plane of the instrument— (a) By the sea horizon. — Set o on the index to on 
the arc ; hold the instrument with its face up; direct the sight to the horizon- 
glass, give the instrument a small nodding motion ; then if the horizon, as 
seen through the transparent part of the horizon-glass, and its image, as seen 
in the silvered part, appear to be in a continued straight line, the adjustment 
is perfect. 

For this method of (a) tasting there must be no index error, which caution is unnecessary 
when (b) the sun is used. 

(b) By the sun. — The instrument being held perpendicular, look at the sun; 
sweep the index-glass along the limb, and if the reflected image pass exactly 
over the object itself, appearing neither to the right nor left of the object, 
then the horizon-glass is perpendicular to the plane of the instrument; if 
not, turn the adjusting screw, which in some instruments is a mill-headed 
one at the back of the instrument, while in others it is a small screw behind 
and near the upper part of the glass itself, which can be turned by placing a 
capstan-pin into the hole in the head of the screw. 

YY 
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yr&. The axis of the telescope must be parallel to the plane of the 
instrument.* — Turn the eye-piece of the telescope till two of the parallel wires 
in its focus appear parallel to the plane of the instrument ; then select two 
objects, as the sun and moon, whose angular distance must not be less than 
from ioo° to 120°, because an error is more easily discovered when the 
distance is great; bring the reflected image of the sun exactly in contact with 
the direct image of the moon, at the wire nearest the plane of the sextant, 
and fix the index ; then, by altering a little the position of the instrument, 
make the object appear on the other wire; if the contact still remains perfect, 
no adjustment is required ; if they separate, slacken the screw furthest from 
the instrument in the ring which holds the telescope, and tighten the other, 
and vice versd if they overlap. 

4<A. The horizon-glass must be parallel to the index-glass. — Set o on 
the index to o on the arc ; screw the tube or telescope into its socket, and 
turn the screw at the back of the instrument till the line which separates the 
transparent and silvered parts of the horizon-glass appears in the middle of 
the tube or telescope. Hold the sextant vertically — that is, with its arc or 
limb downwards — and direct the sight through the tube or telescope to the 
horizon ; then if the reflected and true horizons do not coincide, turn the 
tangent screw at the back of the horizon-glass till they are made to appear 
in the same straight line. Then will the horizon- glass be truly parallel to 
the index-glass. f 

314. Def. — Index Error of reflecting instruments such as the sextant, is 
the difference between the zero point of the graduated limb, and where the 
zero point ought to be as shown by the index when the index-glass is parallel 
to the horizon-glass. 

$th. To find the Index Correction. — The two objects generally used to 
determine the index error are (a) the sea horizon, and (b) the sun. 

(a) By the horizon. — Move the index till the horizon, or any distant object, 
coincides with its image, and the distance of o on the index from o on the 
limb is the index error ; svbtractive when o on the index is to the left, and 
additive when it is to the right of o on the limb. 

Example 1. — The horizon and its image being made to coincide, the reading is 2' on the 
arc. Then a' is the Index Correction to tie subtracted fron every angle observed. 

Example 2. — When the horizon and its image were made to coincide, the reading was 
3' 20* off the aro ; the index correction therefore was + 3' 20". 

(2.) Or measure the sun's horizontal diameter, moving the index forward 
on the divisions until the images of the true and reflected suns touch at the 
edges ; read off the measure which will be on the arc ; then cause the images 
to change sides, by moving the index back ; take the measure again and 
read off; this reading will be off the arc; half the difference of the two 
readings is the index correction. 

* The error caused by the imperfection of this adjustment is called the • Error of ColUmation' 
and the observed angle is always too great. 

f Some sextants, as Tronghton's Pillar Sextants, aro not provided with the means for 
making this adjustment ; because it is not absolutely necessary. An allowance, called Index 
Jjrror, being made for the want of parallelism of the two glasses when the zeroes coincide. 
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When the reading on the arc is the greater, the correction is subtractive ; 
when the lesser, additive. 



Examples. 



Ex. x. On the aro — 33' 10* 

Off + 30 50 

2)2 20 

Index Cork. tub. 1 10 



Ex. a. On the arc — 30' 20* 

Off + 33 3° 

2)3 10 
Index Cork, add 1 35 



If both readings are on the arc, or both off the arc, half their sum is the 
index correction — subtractive when both on, additive when both off ike aro. 



Ex. 3. 1st reading on the aro — 6$' 30" 
and do. on the arc — 1 40 



Index Cork. tub. 



2)67 xo 
33 35 



Ex. 4. 1st reading off the aro + *' 3°* 
2nd do. off the aro + 66 50 



Index Cork. add. 



2)68 20 
34 10 



One-fourth of the sum of the two readings should be equal to the sun's 
semi-diameter in the Nautical Almanac for the day ; but if both readings be 
0* or both off the arc one-fourth their difference should be the sun's semi- 
diameter. 

Thns, suppose the observations, in Example 1, to be made on September 26th, 1876 ; here 
one-fourth of the sum of the two readings is 16' 0% agreeing with the semi-diameter as given 
in the Nautical Almanac for the given day. 

This affords a test of the accuracy with which the observation has been 
made. 

In order to obtain the index correction with the greatest precision, the 
mean of a number of measures of the sun's diameter should be taken. 

Examples fob Pbaotioe. 

Ex. 1. 1876, April 17th, the reading on the arc 29' 40% the reading off the arc 34' 10* : 
required the index correction and semi-diameter. 

Ex. 2. 1876, July 4th, the reading on 33' 10", off 29' 50": find index correction and 
semi-diameter. 

Ex. 3. 1876, November 13th, on 4' 40', off 60' 10*: find index correction and semi- 
diameter. 

Ex. 4. 1876, July 10th, on 32' 45*, off 34' 30*: find index correction and semi-diameter. 

Ex. 5. 1876, March 21st, off i° 10' o", off 6' 40* : find index correction and semi-diameter. 

Ex. 6. 1876, January 17th, on 67' 40% on 2' 30* : find index correction and semi-diameter. 

315. The Prismatic Sextant. — In the form of instrument just described, 
and which is all but universally employed, the angle measurable is limited 
to 1 40°; but we may perhaps add that Pistor and Martins, of Berlin, have, 
by an ingenious modification of the horizon-glass (for which they substitute 
a prism), produced a sextant which will measure any angle up to 180 . This 
instrument is called The Prismatic Sbxtast. 
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The following shows the form of Examination Paper on the Adjustment of the 
Sextant. 

EXAMINATION PAPER. 
Exn. 9a. 



Port of 

ADJUSTMENTS OF THE SEXTANT. 



Rotation No. 



The applicant will answer in writing, on a sheet of paper which will be given him by the examiner, 
all the following questions, numbering his answers with the numbers corresponding to the questions. 



i. — What is the first adjustment of the sextant ? 

A. — The index-glass must be perpendicular to the plane of the sextant. 

a. — How do you make that adjustment ? 

A. — Place the index near the middle of the arc, and look into the index-glass so that you 
can see both the arc and its reflection ; if they be in one line, the glass is perpendicular, bat 
if not in one line, they are brought so by gently moving the screws in the frame upon which 
the glass stands. 

3. — What is the second adjustment f 

A. — The horizon-glass must be perpendicular to the plane of the sextant. 

4. — Describe how you make that adjustment P 

A. — Place O of the vernier on on the arc, hold the instrument obliquely, with its face 
upwards, and look at the horizon ; if the reflected part and the direct portions of the horizon 
are in one line, this adjustment is perfect, but if not, they must be brought in line by gantly 
moving a screw at the back of the glass. 

5. — What is the third adjustment ? 

A. — The index and horizon-glasses must be parallel when the index is at 0. 

6.— How would you make the third adjustment? 

A. — Place the index at 0, and holding the instrument vertically, look at the horizon ; if 
the reflected and direct parts are in one line, thin adjustment is perfect, but if they are not 
in one line, move a screw at the back of the horizon-glass until they are. 

7. — In the absence of a screw how would you proceed P 

A. —I would find the index correction, or as it is called, the index error. 

8. — How would you find the index error by the horizon P 

A. — Hold the instrument vertically, and, looking at the horizon, £ would move the tangent 
screw until the horizon in both parts of the horizon-glass form one line ; the reading is the 
index error. 

9.— How is it to be applied P 

A. — To be added when the reading is off the arc, and to subtract when the reading is on 
the arc. 

10. — Place the index at the error of minutes to be added, clamp it, and leave it. 

Note.— The examiner will see it is correct. 

11. — The examiner will then place the zero of the vernier on the arc, not near any of the 
marked divisions, and the candidate will read it. 

Note.— In all cases the candidate will name or otherwise point out the screws used in the various adjust- 
ments. 

Note to 10 and 11. — When the examiner is satisfied that t> e candidate can read the arc of the sextant both 
on and off the arc, it will be sufficient to place his initials against 10 and iz on the paper containing the 
answer. 

The above complete* the eemnmatim of Second emd Only Maies. 
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In addition to the above, First Mates and Masters will be required to state in writing :— 

1 a. — How do you find the index error by the sun ? 

A.— I would place the index at about 32' on the arc, and, looking at the sun, two suns 
will be seen ; bring their upper and lower limbs in exact contact, read off and mark down, 
then place the index at about 32' off the arc, or to the right of O, bring down the upper and 
lower limbs in contact as before, read off and mark down ; half the difference of these two 
readings will be the index error. 

13. — How is the same applied ? 

A. — It is to be added when the greatest reading is off the arc, and subtracted when the 
greatest reading is on the arc. 

14. What proof have you that those measurements or angles have been taken with 
tolerable accuracy P 

A. — I would add the two readings together, and divide the sum by 4 ; if the measurements 
are correct, the result should be nearly equal to the semi-diameter for the day, as given in 
the Nautical Almanac. If they do not so agree, I would repeat my observations until 
they do. 
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316. A Chart is a map or plan of a sea or coast. It is constructed for the 
purpose of ascertaining the position of the ship with reference to the land, 
and of shaping a course to anytplace. 

317. The use to be made of the chart in each case determines the method of 
projection, and the particulars to be inserted. ( 1) The chart may be required 
for coasting purposes, for the use of the pilot, &c, and then only a very small 
portion of the surface of the globe being represented at once, no practical 
error results from considering that surface a plane, and a "plane chart" is 
constructed in which the different headlands, lighthouses, &c, are laid down 
according to their bearings. The soundings on these charts are marked with 
great accuracy ; the rocks, banks, and shoals, the channels, with their buoys, 
the local currents, and circumstances connected with the tides, are also noted. 
(2) Again, for long sea passages the seaman requires a chart on which his 
course may be conveniently laid down. The track of a ship always steering 
the same course appears as a straight line (and can at once be drawn with a 
ruler) on the Mercator's Chart. Hence the charts used in navigation are 
Mercator's charts. (3) When great circle sailing is practicable, and of 
advantage, a chart on the "central projection" or gnomic, exhibits the track 
as a straight line, and is therefore convenient.* 

* The method lately introduced by Hugh Godfray, Esq., M.A., St. John's Collage, 
Cambridge, deserves special mention, as its beauty and simplicity will ultimately lead to its 
general adoption. A chirt on the central projection, as stated above, exhibits the great 
circle as a straight line, and thus it is seen at once, whether the track between two places is 
a practicable one. ; hence, also, we have by inspection the point of highent latitude. An 
accompanying diagram then gives the different courses, and distance h to be run on each, in 
ord<r to keep within | of a point to the great circle. This chart and diagram ib fully de- 
scribed in the Truniaction* of ths Cmnkridg* fkil—aphM Settity, vol. X, part II, and is 
puMiBtnd by J. D. Potter, Poultry. 
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ON MERCATOR'S CHARTS. 

(See Norte, pages 126— 131 ; or JRaper's "Practice of Navigation" pages 120 — 127, on this 

subject.) 

316. A chart used at sea for marking down a ship's track and for other 
purposes, exhibits the surface of the globe on a plane on which the meridians 
are drawn parallel to each other, and therefore the parts, BH, CI, DK, &c 
(fig. chap. def. nay), arcs of parallels of latitude, are increased and become 
equal to the corresponding parts of the equator U V, VW, &c. Now, in order 
that every point of this plane may occupy the same relative position with 
respect to each other that the points corresponding to them do on the surface 
of the globe, the distance between any points, A and 0, and A and F must 
be increased in the same proportion as the distance FO has been increased. 
The true difference of latitude, AO, is thus projected on the chart into what 
is called the meridional difference of latitude, and the departure BH + CI + 
DK, &c, into the difference of longitude, and the representation is called a 
Mercator's projection. It is evidently a true representation as to form of 
every particular small track, but varies greatly as to point of scale in its 
different regions, each portion being more and more enlarged as it lies farther 
from the equator, and thus giving an appearance of distortion.* 

(1.) In charts generally, the upper part as the spectator holds it, is the 
North, the lower part South, and that towards his right hand the East, that 
towards the left West, as on the compass card. 

In a case which sometimes happens when the upper part is not the North, the North part 
may be known by the North part of the compass. 

(2.) On Mercator's chart the parallel lines from North to South (from top 
to bottom) are termed meridians, and they are all perpendicular to the equa- 
tor ; the meridians on the extreme right and left are the graduated meridians 

* It is plain from the principles of Mercator's projection, and from the diagram (page 183) 
which connects the enlarged meridian with the difference of longitude, that if a ship set out 
on any point on tbe globe, and sail on the same oblique rhumb towards the pole, it can reach, 
it only after an infinite number of revolutions round it. For from any point to the pole, 
the projected meridian is infinite in length, and so, therefore, is the difference of longitude 
due to this advance in latitude upon an oblique course. Consequently, this latitude can be 
reached only atter the ship has circulated round the pole an infinite number of times. 

These endless revolutions, however, are all performed in a finite time, the entire track of 
the ship being of limited extmt. This, however paradoxical it may appear, is necessarily 
true irom the principles of plane sailing, which shows that any finite advance in latitude ia 

always connected with a finite length of track, this length being '- — - — 

cos. coiii se. 

The apparent paradox of the infinite number of revolutions about the pole being performed 
in a finite time, becomes explicable when we consider that, whatever bo the progressive rate 
ot the ship along its undeviating course, the times of pertorming the successive revolutions 
continually diminish as the ship approaches the pole, both the extent of circuit and the time 
of tracing it tendinis to zero, the limit actually attained at the pole itself; hence there must 
ultimately be an infinite number of such circuits to occupy a finite time. 

When the pole is reached the direction all along preserved may still be continued, and a 
descending path will be described similar to that just considered, and which will conduct 
the ship to the opposite pole, after an infinite number of revolutions round it, as in the 
former case In receding from this pole the track described will at length unite with that 
at first traced, the point of junction being that from which the ship originally departed. 
But for the strict mathematical proof of these latter circumstances the student may consult 
Professor Davies' curious and instructive papers on Spherical Co-ordinates in the Edinburgh 
Transactions, vol. XII. 
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— so called from showing: the divisions for degrees and minutes. The latitude 
is measured on the graduated meridians, and also the distance. 

(3.) The parallel lines from West to East (from left to right) are called 
parallels, and they are all parallel to the equator, the parallels at the top and 
bottom are graduated to degrees and minutes — and longitude is measured on 
the graduated parallels. 

(4.) The depth of water is denoted, as also in some places the quality of 
the bottom. The numerals or figures in harbours, bays, channels, &c., 
indicate sounding* reduced to low water ordinary spring tides. The Roman figures 
indicate the time of high water at full and change of the moon. Thus : 
XI hrs. 34 m F & C means that the time of high water is thirty-four minutes 
past eleven on days of full and new moon. The anchors on the chart denote 
anchorage. The small arrows show the direction of the set of the current, the 
current going with the arrow. 

( $.) Lines called Compasses, similar to those on the compass card, are drawn 
at convenient intervals on the chart. In charts of large seas, as the Atlantic, 
these compasses are generally drawn so that the line from the North to the 
South point corresponds with the true meridian ; but in coasting charts the 
same line generally coincides with the magnetic meridian. 

(6.) When the true course between two places is known, it must be 
remembered that Westerly variation is allowed to the right, and Easterly to 
the left hand of the true course in order to obtain the compass course. 

(7.) In " cross hearings" both bearings must be corrected for the deviation 
due to the direction of the ship's head at the instant of making the obser- 
vations. 

(8.) With respect to the method of determining the ship's position by 
cross bearings, it may be observed that this is the most complete of all 
methods when the difference of bearings is near 90 ; but if the difference is 
small — as, for example, less than io°or 20 , or near 180 — the ship's position 
will be uncertain, because a small error in the bearing will cause a great 
error in the distance. — (Kaper, page 120, No. 367.) 

EXERCISES ON THE CHART. 

FOB ONLF MATE, FIRST MATE, AND MASTER. 

North Sea. 



(1.) Latitude 55 5'N. 

Longitude o 5 E. 

Required the course and distance to 
Hartlepool. 

(3.) Latitude 53°35'N. 

Longitude o 55 E. 

Required the course and distance to the 
Dudgeon Light. 

(5.) Latitude 6o°2i'N. 

Longitude o 35 E. 

Required the course and distance to 
TJdtirq, 



(2.) Latitude S7°3o'N. 

Longitude o 40 E. 

Required the course and distance to 
Tynemoulh Light. 

(4.) Latitude 55°io'N. 

Longitude o 35 E. 

Required the course and distance to 
Flambro' Head. 

(6.) Latitude 57 25 N. 

Longitude 7 25 E. 

Required the course and distance to the 
Naze of .Norway. 
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(7.) Latitude 55°28'N. 1 (8.) Latitude 58°5o'N. 

Longitude o 30 \V. ' Longitude 4 33 E. 

Required the course and distance to Required the course and distance to 

Tynemouth Light. ' Sundevoieg. 

(9.) Latitude 55°4o'N. (10.) Latitude 58 9 25'N. 



Longitude o 15 W. 

Required the compaas course and the 
distance to St. Abb's Head Light. 



Longitude 2 10 W. 

Required the compass course and the 
distance to Duncans by Head. 



(12.) Required the direct true and magnetic 
Course and Distance between Burhanneas 
in Scotland to the entrance of the Texel. 



(n.) Required the true and magnetic 
Bearing and Distance between Whitby and 
the Naze of Norway. 

(13.) A ship from Kinnaird's Head, in Scotland, sailed S.E. by E. (true) 186 miles: 
required the latitude and longitude she is come to, and the direct course and distance she 
must sail, in order to arrive at Heligoland. 

(14 ) A ship from Heligoland sailed on a direct coarse between the North and West 197 
miles, and spoke a ship which had run 170 miles on a direct course from Hartlepool : required 
the latitude and longitude of the place of meeting ; also the course steered by each ship. 

(15.) Sunderland Light, bearing by oompass S.W. £ S. 

Coquet island „ „ N.W. 

Required the latitude and longitude of ship ; also the course and distance to Hartlepool 
Light. 

(16.) Buchanness Light, N. by W. $ W., by compass. 

Girdleness Light, West. 
Required the latitude and longitude of ship ; also the course (by compass) and distance to 
the Staples. 

(17.) The Skerries North by compass. 

Sumburg Head, W. J 8. , v 
Required the latitude and longitude in ; also the compass course and distance to Peterhead* 

(18.) Flambro' Head Light, S.W. by S. by compass. 

Whitby Lights, N.W. by W. f W. „ 

Required the latitude and longitude in ; also the compass course and distance to Outer 
Dowsing**. 

(19.) Farn Lights, S.W. by 8., by compass. 

Berwick Lights, W. by N. 1t 

Required the latitude and longitude ; also the distance from each light. 

(20.) The Dudgeon Light, W. by N. by compass. 

Hasbro* Sand-end Light, S.8.W. „ 

Required the latitude and longitude of ship; also the compass course and distance to 
Flambro' Head. 

(21.) Scarbro' light was observed to bear S.W. by compass, then sailed E S.E. 11 miles, 
and the light then bore West : required the latitude and longitude of the ship at each Btation, 
and her distance from the light. 

(22.) Coasting along shore, I observed Tynemouth light to bear W. by S. by compass ; 
I then sailed S. by W. 16 miles, and the light bore N.W. by N. : required the latitude and 
longitude of the ship, and her distance from the light. 

English and Bristol Channel*, and South Coast, of Ireland. 

(1.) Latitude 50 1' N. (2.) Latitude 48°5o'N. 

Longitude 2 4 W. Longitude 5 50 W. 

1 

Required the compass course and distance j Required the compass course and distance 
to the Caskets. < to Ushant. 



(3.) Latitude 49° 30' N. 

Longitude 3 30 W. 

Required the compass course and distance 
to the Start Point 



(4.) Latitude 50 10' N. 

Longitude 1 10 W. 

Required the compass course and din fr n ip ft 
to St Catharine's Light. 
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(5.) Latitude 50° 30' N. 

Longitude o 55 E. 

Required the compass course and distance 
to Dungeness. 

(7.) Latitude 50 10' N. 

Longitude 3 10 W. 

Required the compass course and distance 
to Portland. 

(9.) Latitude 50° 50' N. 

Longitude 10 35 W. 

Required the compass course and distance 
to the Fastnet Rock. 

(11.) Latitude 5o°i8' N. 

Longitude o 10 E. 

Required the compass course and the dis- 
tance to Beachy Head. 

(13.) Latitude 51° 6' N. 

Longitude 6 12 W. 

Required the compass course and the dis- 
tance to St. Anne's Head Light. 



{is-) 



Latitude 50 50' N. 
Longitude 7 20 W. 



Required the compass course and distance 
to Old Head of Kinsale. 

(17.) Latitude 5o°4o' N. 

Longitude 6 30 "W. 

Required the compass course and distance 
to Lundy Island. 



(19.) 



(6.) Latitude 48°55'N. 

Longitude 6 5 W. 

Required the compass course and distance 
to the Lizard. 

(8.) Latitude 49°55'N. 

Longitude 3 55 W. 

Required the compass course and distance 
to the Eddystone. 

(10.) Latitude 5o°55'N. 

Longitude 6 55 W. 

Required the compass course and distance 
to Trevose Head. 

(12.) Latitude 51 16' N. 

Longitude 10 38 W. 

Required the compass course and the dis- 
tance to the Fastnet light. 

(14.) Latitude s l0 S 2 ' N. 

Longitude 6 6 W. 

Required the compass course and the dis- 
tance to the Tuskar Light. 

(16.) Latitude 5o°3o' N. 

Longitude 8 30 W. 

Required the compass course and distance 
to Cape Clear. 

(18.) Latitude 51*28' N. 

Longitude 6 30 W. 

Required the compass course and distance 
to Smalls Rock. 



Longships Light, hearing by compass E.N.E. 
St. Agnes' Light, „ „ . N.N.W. i W. 

Required the latitude and longitude in ; also the compass course and distance to the Lizard. 

(20.) Cape Barfleur, bearing by compass N.W. 

St. Maroouf, „ „ S.W. 

Required the latitude and longitude of ship ; also the compass course and distance to Cape 
de la Heve. 

(21.) - Berry Head, bearing by compass N. } E. 

Start Point, „ „ W. by N. J N. 

Required the compass course and the distance to Portland. 

(22.) Bill of Portland, bearing by compass N.W. by W. 

St. Alban's Head „ „ N.E. J E. 

Required the latitude and longitude of ship, and the compass course and the distance to 
Start Point. 

(23.) Longships Light, bearing by compass S.S.E 

Seven Stones Light „ „ W. by S. 

Required the latitude and longitude of ship ; also the compass course and the distance to 
Roches Point. 

(24.) Tuskar Rock N.E. by compass. 

Great Saltees Iightvessel N.W J W. „ 
Required the latitude and longitude of ship ; also the course (by compass) and distance to 
the Smalls. 

zz 
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(25.) Shipwash Light bearing by compass W. by N. 

Galloper „ „ „ S.S.W. 

Required the latitude and longitude in ; also the compass course and distance to Carton 
Lightvessel. 

(26.) Bembridge Lightvessel, bearing by compass X. } W. 

Owers Lightvessel, „ ,, East. 

Required the latitude and longitude of ship ; also the compass course and distance to St. 
Catherine's Point. 

(27.) Needles Light, bearing by compass N. J E. 

St. Catherine's Light, „ „ E. J 8. 

Required the latitude and longitude of ship ; also the compass course and distance to St. 
Alban's Head. 

(28.) Caldy Island Light, bearing by compass E.N.E. 

Lundy Island Light, „ „ S. by E. 

Required the latitude and longitudo of ship ; also the compass course and distance to the 
Smalls. 

(29.) Lizard Lights, bearing by compass E. J S. 

Longships, „ ,, N. J W. 

Required the latitude and longitude of ship ; also the compass course and distance to St. 
Agnes' Light. 

(30.) Mine Head Light, bearing by compass N.E. £ N. 

Ballycottin Light, „ „ N.W. 

Required the latitude and longitude of ship ; also the compass course and distance to Old 
Head of Kinsale. 

(31.) Smalls Light bearing by 00m pass N. $ E. 

St. Ann's (Milford Haven) „ „ E.S.E. 

Required the latitude and longitude of ship ; also the compass course and distance to Seal 
Rock (Lundy Island.) 

(32.) Dungeness, bearing by compass N.E. by E. £ E. 

BeachyHead „ „ N.W. J W. 

Required the latitude and longitude of the ship ; and her distance from each place. 

(33.) A ship is bound to Boulogne, being 18 miles distant, and lying directly to wind- 
ward, the wind being E. by N. (true). It is intended to reach her port on two boards, the 
first being on the port tack, and the ship can lie within six points of the wind ; required the 
course and distance upon each tack. 

EXAMINATION PAPEE. 
.9b. 

Port of 

EXAMINATION IN CHART. 




The applicant trill be required to answer in writing, on a sheet of paper which will be given him by 
the Examiner, all the following questions according to the grade of Certificate required, numbering 
his answers with the numbers corresponding with tlkose in the question paper. 



1 . — A strange chart being placed before you, what should be your special care to determine 
before you answer any questions concerning it, or attempt to make use of it P 

A.— Which is the north part of the chart. 
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a. — How do 70a ascertain that in our British Charts P 

A. — In our British charts there is always at least one compass, the true north point of 
which is designated by a star or other ornament. 

3. — Describe how you would find the course by the chart between any two places, A and B. 

A. — I would lay the edge of a parallel ruler over the two given places, A and B, then 
taking care to preserve the direction, I would move one edge of the ruler until it came over 
the centre of the nearest compass on the chart, the circumference of the compass cut by the 
edge of the ruler would show the course according to the direction the one place is from the 
other. 

4. — Supposing there to be points of variation at the first named place, what 

would the course be magnetic ? the true course being 

A. — points of variation should be allowed to the 

and the magnetio course would be 

5. — How would you measure the distance between those two or any other two places on 
the chart ? 

A. — I would measure one-half the distance on the chart by my dividers, then placing one 
leg of the dividers on the middle latitude, I would measure on each side of the same, and the 
distance measured between those two extreme points would be the distance. 

6. — Why would you measure it in that particular manner f 

A. — Because on a Mercator's chart the degrees of latitude increase as you approach the 
poles. 

The above comprise* all the questions on the chart that are put to Mates and only Mates. 

In addition to the above, the Masters are required to answer : 

7. — What do you understand those small numbers to indicate that you see placed about 
the chart P 

A. — Depths of water in fathoms. 
8. — At what time of the tide ? 
A. — At low water ordinary springs. 

9. — What are the requisites you should know in order that you may compare the depths 
obtained by your lead-line on board with the depths marked on the chart P 

A. —The time of the tide and the " rise and fall," or as it is now called the ''mean spring 
range." 

10. — What do the Roman numerals indicate that are occasionally seen near the coast and 
in harbours P 

A. — The time of high water at that place at full and change of the moon. 

11. — How would you find the time of high- water at any place, the Admiralty tide tables 
not being at hand, nor any other special tables available P 

A. — To the time of high water at full and change I would add 49 minutes for every day 
that has elapsed since the full or change of moon, the sum would be the p.m. tide for the 
given day approximately; or, to the time of the moon's meridian passage, corrected for 
longitude, add the port establishment, the sum would be the p.m. tide required. 

All the above questions should be answered, but this does not preclude the Examiner from putting 
any other questions of a practical character, or which the local circumstances of the port m<ty require. 

TO FIND THE COUESE TO STEER IN ORDER 

TO MATTE GOOD ANY COURSE IN A KNOWN CURRENT, 

AND ALSO THE DISTANCE MADE GOOD. 

Draw a line on a chart to represent the course to be made good ; from the 
ship's place on the chart lay off a line in the direction of the set of the current, 
on which mark off from the ship's place the rate of the current per hour; 



3 $6 Log Line. 

then take in the compasses the distance the ship sails in an hour by log, and 
put one foot on the last-named mark, and from the point where the other 
foot reaches the first line draw a line to the mark on the line representing 
the direction of the current. The course to be steered is represented by the 
line last drawn, and the parallel ruler being placed to it, and moved to the 
centre of the compass on the chart, will give the course of the ship ; and that 
portion of the first line drawn, intersected by the last line drawn, will be the 
distance the ship will make good per hour. 




On a chart, suppose A to be the place of the ship, B the port of destination ; 
also A C the aet of the current, the rate per hour being taken from the scale 
of miles and laid off in the direction of the line. Take the distance sailed by 
the ship per hour from the scale of miles, and with one foot' of the dividers 
at C, make an arc cutting A at D. Join C D, and move the parallel ruler 
from OD to A, drawing AE parallel to CD ; then A E will be the direction 
of the ship's head ; and the parallel ruler being moved to the centre of the 
compass on the chart, will give the course of the ship on the chart ; and AD 
will be the distance the ship will make good. 



LOG LINE. 



3 1 9. The length of the stray-line should be sufficient to allow the log-chip 
to be clear of the eddies of the vessel's wake. 

The distance between the knots should bear the same proportion to the 
number of seconds run by the glass intended to be used, as the number of 
feet in a nautical mile bears to the number of seconds in an hour. 

The number of feet in a nautical mile is 6080. 

The number of seconds in an hour is 3600. 
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Therefore, to find the length of a knot corresponding to a 28 seconds glass, 
we proceed as follows : — * 



3600 : 6080 : : 28 
28 



48640 
12160 

ft. in. 

360,0)17024,0(47 3$ 
1440 

2624 
2520 

104 
12 

360)1248(3$ 
1080 

We have for glasses running 30 seconds and 32 seconds the following 
proportions : — 

3600 : 6080 : : 30 : 50 feet 8 inches. 
3600 : 6080 : : 32 : 54 feet 0$ inch* 
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320. In nautical phrase the lead line has " nine marks and eleven deeps." 
At two fathoms, the mark is leather ; at three fathoms, leather ; at five, 

white rag ; at seven, red rag ; at ten, a piece of leather with a hole in it ; at 
thirteen, blue rag ; fifteen, white rag ; seventeen, the same as at seven ; at 
twenty fathoms, a piece of cord with two knots. 

32 1 . Deep-sea lead lines are marked the same as far as twenty fathoms ; 
then add a piece of cord with an additional knot for every ten fathoms, and 
a strip of leather for every five fathoms. 



SOUNDINGS. 



322. In the open sea, the tide requires about six hours and a quarter to 
rise from low to high water, and an equal interval to fall from high to low 
water. If the rise or fall was an uniform quantity throughout, by simply 
taking a proportionate part of the rise or fall due to the time of tide, we 
should at once obtain the quantity required to reduce the soundings to the 
low water of that day. But the water does not rise in equal proportions, the 
rise during the first and last hours being very small (about one-sixteenth of 
the whole range) ; in the second hour there is a considerable increase of rise; 

* The Kule for Proportion ii — Multiply the second and third terms together and divide 
this product by the first term, the quotient will be the fourth term required. 
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in the third and fourth hours a still greater increase of rise ; and then the 
rise begins to take off in the same proportion as it increased.* 

The correct amount for every half-hour, and for various ranges, is given 
in the "Tide Tables for the English and Irish Ports for 1875," (p. 98, Table 
B), published by the Hydrographic Office, Admiralty. f 

323. As the soundings upon the chart are all referred to or measured 
downwards from, the mean level of low water of ordinary spring tides, J caste 
of the lead taken at any other time of the tide! or any other day than full and 
change, will exceed the depth marked on the chart (except when it happens 
to be low water of greatest spring tides). It is necessary for the seaman to 
be able to calculate the difference between the actual depth obtained by 
means of his lead, and that marked on his chart, in order to the identification, 
of his ship's place, more especially when the range of the tide is considerable, 
and the depth not great. Also, when about to enter a port in a vessel whose 
draught of water is nearly equal to the depth, it is necessary to find the 
height of the tide as exactly as circumstances will permit. 

324. Two classes of questions may be proposed in reference to this subject 
—firstly, to find the depth of water at a given place and time ; secondly, having 1 
obtained the actual depth by a cast of the lead, to find the sounding on the 
chart corresponding thereto, and thence to identify the ship's place. Both 
these classes of questions require us to know the time of high water and the 
range of the tide on the given day; and for this purpose almanacs are 
published. The most correct, and by far the most useful of all these, are the 
"Tide Tables" published by the Admiralty, and to which we have already 
referred. In this book are given the times of high water and the height of the 
tide for every day in the year, at each of the principal ports in Great Britain. 



* The reader may obtain an idea of this law, sufficiently exact fur practical purposes, in 
the following manner : — Describe a circle, and divide the circumference into six equal parts 
on each side, corresponding to the hours of the tide ; then divide the diameter into propor- 
tional parts, corresponding to a given (assumed) range of tide. Connect the segments of the 
circle by straight lines drawn across the figure, when it will be perceived that they intersect 
the diameter at certain divisions of the range. These are the correct quantities respectively- 
due to each hour's rise or fall of such a tide from low to high water, and vice versa. An 
examination of these quantities will show, that in the first hour of the tide- the rise is equal 
to one-sixteenth of the whole range ; at two hours from low or high water, the tide has 
risen or fallen one-fourth of the whole range ; at three hours it has risen just half ita range ; 
at four hours it has risen three-fourths of the whole range ; at five hours, to within a sixteenth 
of the whole range. The above method, which is constructed upon principles theoretically 
correct, will represent with sufficient exactness all that is necessary for practical purposes. 

t Table XIX, Raper, which the author, in 1847, computed for Raper' s work, also shows 
the space through which the surface of the water rises and falls at given intervals from high 
or low water. 

I On most charts the Boundings expressed are reduced to low water of ordinary spring 
tides ; but in some charts, however, the soundings are reduced to the low water of extra- 
ordinary spring tides— such, for example, is the case on the chart of Liverpool, surveyed by 
Captain Denham, R.N., the soundings on which are reduced to a spring range of thirty feet, 
while the mean spring range for that place, as deduced from observations made for two 
years at the Tide Gauge, St. George's Pier, is 26 feet. 
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325. To find how much we must subtract from cast of the lead, in order 
to a comparison with the soundings .marked on the chart, proceed by 

BULE CHI. 

i°. Open the Admiralty Tide Tables at the proper month ; and in the column 
under the head of the place near your position, and opposite the day of the month, 
take out the " time " of high water in the morning or afternoon, as the ease requires, 
and also from the adjoining column, under " height" take out the height of the tide. 

2 . Next, underneath the time of high water place the time at ship, and take the 
difference and call it " time from high water." 

3 . From the height of tide subtract the half mean Spring Range, which stands 
at the foot of the column. 

The remainder is the half range of the day. 

4 . Enter Table B, page 98, Admiralty Tide Tables, and under the time 
from high water, and opposite the half range Jor the given day, take out the 
correction corresponding thereto, observing whether it is to be added or subtracted. 

$°. Add or subtract the correction, as directed, to the mean half Spring Range 
marked on the chart. 

The result is the excess of the sounding observed above the sounding recorded 
on the chart, or is the height of the tide above zero. 

6°. Subtract this last from the sounding shown by the lead, the remainder is 

the sounding shown by the chart. 

Note I. When it happens to be an extraordinary low ebb tide, the quantity given in 
Table B will be greater than the half mean spring range, and will be subtr active. In such 
cases, subtract the half mean spring range from the correction by Table B, and add the 
result to the soundings by lead ; the sum will be the sounding on the chart. 

Examples. 

Ex. 1. 1875, September 15th, at 9 h 19™ ph., a ship off Liverpool strikes soundings in 8 
fathoms : required the corrected soundings to compare with the chart. (The half spring 
range by Captain Denham's chart is 15 feet.) 

Admiralty Tide Tables (page 70) ; time of high water at Liver- 
pool, September 15th, 1875 1 i h 19™ P.M. 

Time of sounding 9 19 



Time from high water . • . . a o 

ft. in. 

Height at Liverpool 26 6 

Half mean spring range • 13 o 

Half-range of the day 13 6 

In Table B, page 98, under i h , opposite 13 J ft., stands add, . 6 9 
Half spring range by chart • • • . • . . 15 o 

Correction 3J fathoms, or .. 21 9 

Depth by lead 8 fathoms. 

Correction . . . . 3} „ 

Showing the depth by comparison . . . . 4J „ 
Whence the depth to compare with the chart is only 4} fathoms instead of 8 fathoms. 

Ex. 2. 1875, October 16th, at 7 h 42™ a.m., a vessel anchored off Weston-super-mare in 
6} fathoms ; at low water the vessel was " high and dry :" required the cause of this. (Half 
spring range by chart 23 feet.) 
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By Table: October 16th, the time of high water at Weston- 

super-mare 7 h i8 m A.M. 

Time of anchoring 7 42 

Time before high water o 24 

Height of tide by Tables 40ft o in. 

Hall spring range 18 7 

Half range • .. .. 21 5 

By Table B, 24" and half range 21 feet 5 inches give add 20 10 
By chart ; half spring range 23 o 

Correction to low water 43 10 

Sounding 6 1 fathoms, or 39 o 

4 1° 
Water below the sounding ; or, the ship is found to be 4 feet 10 inches dry at low water. 

Ex. 3. 1875, March 7th, at 9 h i m a.m., a vessel has to cross the Victoria Bar, Liverpool: 
it is required to know what water she will have over the bar. (Depth at low water springs 
on chart, 11 feet). 

Bv Tables : March 7th, time of high water at Liverpool . . 1 i h 4™ ajc. 
Time of crossing the bar 9 1 

Time from high water 2 3 

Height of Tide by Tables 25ft. 7m. 

Half spring range 130 

Half range for the day 127 

Bv Table B: 2 h 3" and half range 12ft. 7in. .. .. add 6 3 

Half spring range by chart 13 o 

Add for Liverpool chart . • 20 

Correction . . .. 21 3 
Depth on Bar at a h 3" from high water, March 7th . . . . no 

By Chart : depth on Victoria Bar at low water springs . . 3a 3 

or si fathoms, nearly. 

Ex. 4. 1875, September 17th, at 2* 34* p.m., off Weston-super-mare, sounded in 4} 
fathoms : required the soundings on the chart. 

Time of high water, Weston-super-mare, September 17th 8 h 6" p.m. 

Time of Sounding 2 34 

Time from high water 5 32 

Height of Tide, Weston-super-mare, September 1 8th . . . . 39ft. 6in. 
Half mean spring range 18 7 

Height above half tide 20 n 

By Table B : 5** 32" and half range 21ft subt. 20 3 

Half spring range 18 7 

Level of tide below zero t g 

Soundings by lead 4} fathoms, or 27 o 

Correction , ., .j- x g 

Soundings on chart 28 8 

Or a little less than $ fathoms. 



• 
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Examples fob Pbaoticb. 

Ex. 1. 1875, August 1 8th, at 9 h 12™ a.m. : required the depth of water on the "Four- 
fathom Ledge," off Weston-super-mare. 

Ex. 2. 1875, June 18th, at 5 h i7 m p.m. ; off Brest, the depth of water by the lead waa 
10} fathoms : required the soundings on the chart. 

Ex. 3. 1875, August 1 6th, at 9 h 24™ p.m., sounded in the Victoria Channel, Liverpool, 
in 5 fathoms : required the soundings on the chart. 

Ex. 4. 1875, September 18th, at 8 h 38" a.m., a vessel anchored off Weston -super-mare 
in 6 fathoms : required the depth at low water. 

Ex- 5* l8 75> March 9th, at s h 42™ a.m. : required the height of the tide above mean low 
water of spring tides at Liverpool. 

Ex. 6. 1875, December 25th, at 9 h 39™ a.m. : going up the Firth of Forth, the lead 
showed 1 a fathoms : required the soundings on the chart. 

326. The following is the form of the Bule as used at the Liverpool 
Examinations : — 

i°. Take the difference between the time of high water, full and change, at 
Liverpool and full and change at ship, and take this difference from the time of 
high water on the given day at Liverpool; the result is time of high water at ship. 

2 . Next find the time from high water when the " cast" was taken. 

3 . Take 13 feet, the half mean spring range from the height of tide on given 
day at Liverpool. 

4 . Apply a correction from Table B to the half mean spring range, as 
directed at the head of the Table ; the result is the Reduction at Liverpool. 

Lastly. — Find the Reduction at ship (by proportion) thus : — 

M Spring Range at Liverpool \ The Eeductioil 0P Correction 
I, to Spring Rang, at Shtp, of Soundings 

1875, September 19th, at i h 57™ p.m. at ship, off Holyhead, sounded in 45 fathoms: re- 
quired the corrected cast to compare with the chart. 

Full and change at Liverpool ii h 23» \ Page 152 Admiralty Tide 

Full and change at Holyhead 10 11 J Tables, 1875. 

Difference — 1 12 

Time high water, Liverpool, Sept. 19th 1 9 p.m., and Height of tide 27ft. 

Half mean spring range 13 

Time high water at ship n 57 a.m. — 

Time of cast 10 57 p.m. Half range for day 14 

Time of cast from high water 2 o\ give in Table B correction + 7 

Half range 14ft- J Half spring range 13 

By Proportion. — 

ft. ft. ft. Reduction at Liverpool 20 

26 20 :: 16 

16 

— fath» ft. 

26)320(12 feet = 20 

26 45 o cast taken. 

60 43 o cast corrected. 

5* 

— Note.— In the above proportion, 26 is the spring range at 

g Liverpool, 16 the spring range at ship, and 20 the reduction 

at Liverpool. 
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NOTATION, page 16. 

i. 63; 81; 99; 40; 13. 

2. 200; 303 ; 598 ; 888. 

3. 4000; 1783; 6083; 7930; 9009. 

4. 275°4J 89064; 33000. 

5. 1 00000; 676050; 603240. 

6. 20600 ; 90092 ; 204641 ; 800800. 

7. 3006004; 5030040; 7700006; IOOIOOIO. 

8. 7003000; 1 1 108 1 06; 54054088; 613020303. 

9. 70704032; 45387025; 349004065; ioooioooi. 

10. 842248484; 909009099; 222000040; 305040008. 

11. 700700700; 202202200; 900000900; IOOOIOOOI. 



NUMERATION, page 17. 

1. Forty-three. 2. Sixty. 3. Eighty-eight. 4. Ninety-seven. 5. Fifty-nine. 
6. Twelve. 7, Twenty-one. 8. Nineteen. 9. One hundred and twenty-three. 
10. Four hundred and seven. 11. Five hundred. 12. Nine hundred and ninety-nine. 
13. Seven hundred and thirty-eight. 14. Eight hundred and thirty-seven. 15. Two 
thousand seven hundred and sixty. 16. Five thousand and eighty. 17. Seven thousand 
and thirty-six. 18. Two thousand. 19. Three thousand and three. 20. Five thousand 
five hundred and five. 2 1 . Thirty-seven thousand six hundred and fifty-four. 22. Eighty- 
seven thousand and seventy-eight. 23. Thirty-seven thousand and three. 24. Sixty- 
three thousand and ninety. 25. Six hundred and ninety thousand and six. 26. Eight 
million, forty-seven thousand three hundred and twenty-eight. 27. Four million, ninety 
thousand and three hundred. 28. Five million, two hundred and ten thousand and seven. 
29. Six million, thirty thousand four hundred and five. 30. Five hundred and sixty 
thousand and seventy-five. 31. Three million and six. 32. One million, three hundred 
and ninety-seven thousand four hundred and seventy-five. 33. Twenty million, eighty- 
four thousand two hundred and sixteen. 34. Five million, one thousand eight hundred 
and sixty. 35. Eight million, eighty thousand eight hundred and eight 36. Fifty-five 
million, seven hundred thousand and five. 37. Seventy-six million, fourteen thousand and 
fifty-nine. 38. Six million, six thousand six hundred and six. 39. Fifty-six million, 
seven hundred thousand five hundred and five. 40. One hundred and twenty million, 
fifteen thousand and fifteen. 41. Two hundred and two million, two hundred and two 
thousand two hundred. 42. One hundred million, one hundred thousand one hundred 
and one. 43. Two hundred and seventy-five million, eight thousand and five. 44. Twenty 
million, eighty-four thousand two hundred and sixteen. 45. Seventy-nine million, thirty 
thousand one hundred and eighty-four. 46. Four hundred and eight million, seventy-six 
thousand and thirty-two. 47. Four hundred and one million, four hundred thousand and 
fifty-six. 48. Nine hundred and eight million, five hundred thousand and sixty. 





SIMPLE ADDITION, pages 18- 


-19. 






I. 1274170 


2. 1634607 


3. 1659291 


4- 


*33343* 


5- 


3005313 


6. 1536206 


7. 1648127 


8. 2067690 


9- 


33 2 9'75 


10. 


3714599 


11. 4483647 


12. 4105670 


13. 3312667 


H- 


3018498 


'5- 


2797285 


16. 35*977* 


17. 9185198 


18. 7485*13 


*9- 


85»8439 


20. 


7498159 


21. 9560155 


22. 5621434 


23. 6524956 


24. 


8238336 






25. (1) 13788543 


(2) 12844819 (3) 


14661377 (4) 1 


3937260 


(5) 15878x35 


w 


10176138 


(7) 10970368 (8) 13825798. 


26. 


20566726566 
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SIMPLE SUBTEACTION, page 20. 


I. 621511 


2. 


539540 


3- * 


4. 9 


5. 676001 


6. 


554999 


7. 480895 8. 590998 


9. 68 1 179 


10. 


507871 


11. 376999 12. 174386 


13. 107500 


14. 


222419 


15. 157406 16. 58024 


17. 8261243256 


18. 


2358235814 


19. 2006289547 20. 763595488 


21. 6009085424 


22. 


• 9957614*50 


23. 78098951912 24. 7501213600 


25. 91089009099 


26. 


238036793034 


2 7- 43437 2550488 1 8 28. 90889 1099090 1 


*9- 35353*599 6 9* 


30- 


73708072035222 


31. 5540058 32. 5866974 


33. 6521913 


34- 


4244103 


35. 5460813 36. 8026758 


37. 8087; 4936 


38. 


207786 


39- 55599 4©. 999882 


41. 30094003 


42. 

[mp: 


30449319 






s: 


LE MULTIPLICATION 


1 P*9* *$• 


1. 685295792 


2. 


1 962965961 


3, 1506 1 


72792 4. 1 899328910 


5. 550942443 156 


6. 


4565*143474 


7- 3886950304 8. 5159176101 


9. 9876543210 


10. 


9803614194 


11. 7774239492 12. 11019283848 


13- I35 705843 


14. 


2684444024 


15. 56296 


18680 16. 8918232255 


»7- *7349 8 35 OI 4°'65 




18. 22591055500000 


19. 770930181732 


20. 199999929 14368 1 




21. 10285980 




22. 16261578 


23. 12838608 




24. 40261296 




2 5- 13503780000 


26. 55275801000 




*7- 35*°596*3*4 


28. 61286228934 


*9- '59937 80666 




30. 490360 1 9 193 


31. 2243503727343888 


3»- 575°745^7a«9 




33-53 I 954730"2 


34. 32228449759L63 


35- 299733*i84 




36. 246649057 


2 


37. 38 1 14062 


38. 24335360 




39. 47094144 




40. 20146968 


41. 28894158 




42. 78522048 




43- 395 1 3 12893090991 


44. 6680943744279021 




45. 8312372968202684 


46. 1 2193263 1 1 12635269 


47. 2872556494008787 




48. 6324602392508400 


49- 35333670133890810 


50. 2054793040961760 




51.47287079491501550 


52. 12003400820050006000000 


53. 1944460921158 




54. 5060344127 169150 


55. 29622961 1 8 14587 19 1480656 



56. 10203029078666688093030201 57. 99999995000000040000 

58. 99940014998000 149994000 1 59. 999400149980001499940001 60. 45673337928960 



SIMPLE DIVISION, page 30. 



1. 67896347-1 
5. 66779748-5 
9. 25409614-6 

*3- 

'5- 

17. 
19. 

21. 

23. 
*5- 

29. 

3*- 
33- 
35- 
37- 
39- 



2. 

6. 

10. 



194899 1 28-2 
395 1 2348- 1 
1 00107478-9 

463519673763533-5 

1582874324701-32 • 

95022741046776-8 

'33683783399807-6 

27206980239559-123 

329218107-670 

8607936214-143 

2 4'993504-5 I 879° 
48481368-72 

862152-1422 

4713708 

14278693864-88877 

1 068392- 1 17002 

3183098861-259987145* 



3. 99836471 4. 59648952 
7. 868427625-6 8. 274473675 
11. 91 26 1430-10 12. 4953087942-8 

14. 27201490438560034-10 

16. 187157296759729-46 

18. 14964459409277-63 

20. 403 1 63 2 208 1 10056-69 

22. 34045491087 172- 1 

24. 6897234900 

26. 740630987644-33203 

*8. 4843553 -477*65 

30. 90000900009-1 

32. 1654772 

34. 1 39066-29 3 16950 

36. 8485852-43614 

38. 4144081-7839494 
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MISCELLANEOUS EXAMPLES, page 30. 
1. 10004 2. 474788 3. 2808846363 

4* 7398981889800 5. 9576108 6. 1 00 1 00 1 00 

7. 87846125 8. 999 1 23502 14 9. 1000622528^90200 

10. 2768884-85187 n. 103080207 12. 1202609 

13. 71625861494 14. 128721301414200 15. 607 8625 10254- 15696883 

16. The one is larger than the other by forty-nine thousand nine hundred and fifty, i.e., 
by 49950. (17.) 60768396; of 129847 and 40068. (18.) 847021,36865365. (19.) 6 and 3. 
(20.) 3*4937594- ( 2I 3 00 49 00 9°» 8um > 275798734, difference; 3557338128051 336, product. 
5SS5*S6i 8um ; 3 o86 5 22 i diff « rence ; 5334673 88 34^5»P roduct ' ( 12 37* tons. (23.) 127 years. 
(24.) 7852 times. (25.) 34 ships. (26.) 141. (27.) 1002. (28.) 65280. (29.) 129115. 
(30.) 146 after subtracting it 390 times. (31.) 203. (32.) 1666350,8am; 1639900 difference ; 
21862578125) product; 125, quotient. (33.) 9843750, sum ; 9687500, difference; 762939453125 
produot; 125, quotient. 



NOTATION OF DECIMALS, page 34. 

*• *3» '°3- ,0 °3> a** 3*3 1 **•<> -7, 11*7, '33, and 1-015. 

a. 'oi, 'oo2i, '0117, '0000003, ' l » "53i '°°7> 'oon, and '00137. 

3. 30*1, 400*01, 53*00415, 50*000101, '441, 33*1, and -000000000501. 

4. '9178, 91*78, '09178, '0091, '00009, 520*3, and '90. 

5. 3*0142, 6*72819, "000672819, and 6728*19. 

6. 7*06, 43' 2I 43» 9'°7 82 3457» roooooi, and 35*721341. 

7- 53*9- 47'73- 6*0069, 3*7, 9*000400537, and 902*030401. 

8- '073, '0197, 'oooooi, '00261, and '0001001. 

9. 1*54, 24*079, 315*008005, 'oooooon, and -00903. 
10. 'i, '03, '005, '105, -oooooi, -000060, 41*08, iooo'ooi, 30*000006, * 0000 1, and '00002375. 

"• A» t^i Trfcy* ioo&ooo > iWs- 3AV» 3 2 J& ThhWut 45 6 tWj» *Afcfo» and Tya Woaa - 
12. Two hundred and eighty-three thousandths; Five thousand three hundred and 
twenty-one ten thousandths ; Seventy-four thousand eight hundred and ninety- 
five hundred thousandths ; Eight hundred and twenty-one thousand and fifty- 
six millionth* ; Twenty-seven, and eight thousand three hundred and fifty-four 
ten thousandths ; Thirty-four, and nine ten thousandths ; Forty -three, and one 
hundred and one thousand and seven millionths ; Twenty-three, and seventy- 
five hundredths ; Two, and three hundred and seventy -five thousandths ; Two 
thousand three hundred and seventy-five ten thousandths ; Two thousand three 
hundred and seventy-five hundred millionths. 

*3* g 7 6 $ g*S * lSM6&6000o> ^ft>Vfr> ^t^j, lWoW ife' an< i U1HS7 6 0*06 A* 0000 ' 

14. Six tenths ; Ninety-two hundredths ; Five thousand four hundred and ninety-eight 

ten thousandths ; Seven, and seven hundredths ; Twenty-six, and four hundred 
and five thousandths; One millionth; Thirty-seven hundred thousandths 
Eleven, and one hundred and one thousand one hundred and one millionth. 
Four hundred and forty thousand three hundred and eight ten millionths 
Eighty-two thousand three hundred and forty-four hundred thousandths 
Thirteen thousand two hundred and thirty-six hundred thousandths. 

15. Nine, and four hundred and fifty-seven ten thousandths ; Four thousand and four, 

and three hundred and forty-five ten millionths; Three, and four hundred 
thousandths; Five hundred and twenty -four millions six hundred and thirty- 
four, and eight thousand and thirty-four ten millionths ; Three thousand seven 
hundred and five thousand millionths; Twenty-four thousand and fifty-six 
thousand millionths ; Seven thousand and five, and six hundred and seventy-four 
thousand millionths ; One hundred thousand, and one ten millionth ; Ten, and 
one thousandth ; Nine, and twenty-eight millionths ; One, and six thousand and 
three ten millionths. 
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16. One, and one millionth ; One million and one ten millionth ; One hundred millionthfl ; 
One, and thirteen thousand and four hundred thousandths; Nine, and two 
hundred and three thousand one hundred and sixty-seven millionthfl ; Four, and 
three million eight thousand and four ten millionths ; Twenty-seven, and four 
million six hundred and twenty-seven thousand three hundred and fifty ten 
millionths. 



1 
2 

3 
4 

5 
6 



ADDITION OF DECIMALS, page 35. 



7450261; 2-919563. 
886*9326; 1681-679. 

i437*4i79; 33°*8755«- 
40090; 501-15998. 

538*6422021. 

140-1996; 1408-25559. 



7-' 


53-6769; 127-050346 


8. 


i-iiii ; 42*7162. 


9* 


I2345J 945*5993- 


10. 


2-9291474. 


11. 


2*471092. 


12. 


0*1627165. 



I. 

2. 

3- 

4- 

5- 
6. 

7. 



SUBTRACTION OF DECIMALS, page 37. 

3*431; 8*20001; *ooii; 8*oooooi. 

398479194; 31-99968; 7336606; 9i'74*3- 

•01; 9899999901; 9999999; 995-710; 541*787- 

6 4*°3 I 7753; 820001; 72*5193401. 

-000099; -000396; 31*99968; 24680*12377. 

699*930; '0000999. 

•0378; -062156; -00510; 28999*908. 



MULTIPLICATION OF DECIMALS, page 38. 

1. io-o; io*o; 1190*0; 11*9; '0119; '00119. 

2. -000000202; 3*06034; -000000112; '00210175. 

3. -0360963; 26*5344; '000604476; 2'02I00. 

4. -075460; 1*8019; 74*9265; -00104886933696. 

5. '0108575; -032016; -000000072; '26439622160671. 

6. -0306002448; 470116914*4360; 536-660075952, 

7. -00164389993; 160*86701632806; -06288405909156. 

8. 2*5067823; -000011826009; -00000006676542672. 

9- 47' 8 3; 5 00 ' ; 75 0000 ' 

10. 'C01301400; 1*5; '00000072. 

ii. 5*314410; 4096; -032016 

1 a. -0001234321; '000444080; 6138-36. 



DIVISION OF DECIMALS, page 40. 

1. 19*82421; 14*16015; 11-01345; a*7533 6: *5; I * I * 6 37557- 

2. 1-66704; 1*11136; 0-83352; '2667264; -01058438. 

3. '2017386; -1008693; -0672462; -025217325; -0009456496. 

4. 3"'4 8 736°333; 66-6188183; 2-2258942. 

5. 13488057; 790-9882353; 59-40639*; 24*82661. 

6. 14789983; 255*121; 1210*234426; -02. 

7. -8810891; 908-83768; -1108754; -0174532922. 
•• 7n:85$; »a8o-a8; 234508. 



3& 



Answer*. 



*°3i 74*84; 432067; -000007375; 83671000; '000000000003; '061096. 
2681*081081; '0000360074; 'oooi ; 6*578947; '00862. 

15000*0; 5060000*0; *oo8 ; '0375313. 

•013; 4\S7J 'oo%\ 73939"39- 

•050005; 1250*0; 0125; 602589. 

•0000000125; 125*0; 1250; -00004 

•00000125; -00001; 20200; 77485-93. 

1 1900000; '163. 

•10; io'o; 'ooi ; *ooi ; 'iooo; 10000; '00001. 

18. '0093536; 7393939; 39723*66; 241*6292; 200*0; '60000000; 4000000; -000006; 

32000000. 

19. '0036; '93; '52306; '0008; '0000020076364. 

20. -0882352941; *oi 7 256637 1 68; * 0000999000999000999000999. 

21. '0000000900090009000900090; 000000 1 23456790; * 0000061 8. 



9- 
10. 

11. 

12. 

13- 
14. 

*5- 
16. 

17 



REDUCTION OF DECIMALS, page 43. 

I- *4375- '73; •»*4»»57'; '34375 J ^75 J 0769*3; '0112; -275. 

2. -53S4615; -6470588; 6315789; 185; 7167235; 3183098; '4*583544; '0104895. 



page 4$. 

1. 283 i; -4833; *7J '4«6tV, '8; 9^& 

2. -788260449735. 

3. 29530588194. 

4. 12*175 hours; *°°i3* 

5. 1 N.M. z= 1*15202 I.M. ; 1 I.M. = '86804 N.M., 1*1515, '868421. 

6. '997269560 day. 

7. i2 d *5925; 29^716493055; 15^74229166; H9 d '22i70i38g. 

8. 8°*i875; I9°'679i6; io4 q -26875; 82°*325. 

9- 37°*305 J «»m 78°*755 or 78° 45' 18". 

10. 1 Kilometre = '621382 miles; 1 mile = 1-609315 kilometres. 



page 46. 



t. 15 owt. 2 qrs. 4 lbs. '032 
4. 4 owt. 2 qrs. 
7. o° 17' 44**8062 



a. 7°5 I ' I 5*'3 
5. 7 owt. 1 qr. 

8. 3 owt. 1 qr. 7 lbs. 



3. 64° aa' 57* 
6. io° 52' 21* 
9. i2 h 44 m i*-%S 



CHARACTERISTICS OF LOGARITHMS, page 49. 




1. 2 6. 4 

2. 7. 2 
3« * 8. 3 

4. 1 9. a 

5. 10. 


11. 5 16. 

. «• 3 17- 

13. 18. 

14. 19. 

15. 1 20. 


2 

7 

4 


1 



CHARACTERISTICS OF LOGARITHMS, page 51. 



1, 2 or 8 

a. 7 or 9 

3. 4 or 6 

4. 1 or 9 

5. 3*7 



6. 

7- 
8. 

9- 

I€>. 



7 or 3 
2 or 8 
4 or 6 
a or 8 

*<*9 



II. 


1 or 9 


12. 


3 or 7 


*3- 


7 or 3 


14- 


5 0r S 


»5« 


*<** 



16. 2 or 8 

17. 7 or 3 

18. 7 or 3 

19. I or 9 
a#. IT 4*9 
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LOGAEITHMS OF NATURAL NUMBERS 


■ P*9* 53* 


w 


0-698970 


2. 


o-954243 


3- 3-954243 


_ __ _< -_ __ _. _-* __ __ 


A. 


4* 2 000000 










or 7 954*43 


or 000000 


5- 


4*000000 


6. 


1*146128 


7. 1*612784 


8. 3602060 


oar 6*oooooo 








or 7 '602060 


9- 


0*380221 


10. 


,1*380211 


11. 7-380211 
or 9 3802 1 1 


12. 3*322219 
or 7*322219 


»3- 


1*973128 


14. 

< 


1*698970 
Dr 9*698970 


15. 1*875061 
or 9*875061 


16. 0397940 


»7- 


i'397940 


18. 


2*954*43 


19. 3-950041 


20. 1*397940 


or 9-397940 


or 8-954*43 


or 7*959°4i 




21. 


2*380211 


22. 


5-544068 


23- 5-755875 


24. 4*698970 


or 8*380211 


or 5-544068 


o» 5*755875 


or 6*698970 


1. 


2*000000 2. 


2*l6 


1368 3. 


0-468347 4. 2*557507 5. 2-828015 


6. 


2*899820 7. 


299 


2111 8. 


0*681241 9. 0*952308 10. 0*167317 


11. 


1-167317 12. 


1954725 13- 


2*167317 14. 2*627366 15. 5*651278 


or 9* 1 67 3 1 7 or 9*954725 01 


8-167317 


or 5*651278 


16. 


5**5«7* 








^ 








page 54. 






1. 3*000000 


i 


2. 3'09»3'5 


3. 1*409087 


4. 3*734960 




5. r4i5974 




6. 0-415974 


7. 2*005180 
or 8*005180 


8. 1*977129 




9. 0*890812 


10. 2*994581 


11. 2835247 


12. 3*444669 




•- 






or 8835247 


or 7*444669 








page {5. 






1. 4*585178 


7- 


2639088 


13. 5301030 


19* 5562474 




2. 2*585178 


8. 


1 895445 


14. 2-749845 
or 8*7 ^,9845 


20. 2-998755 




3. 409 149 1 


9- 


0-343507 


'5- 3 9937*4 
or 7-993714 


21. 1-507732 




4. 2-734968 


10. 


5*894105 


16. 5*808742 


22. 0*014001 






or 9*894105 








5. 4*8*39 4 


it. 


4-000000 


17- 3*052717 


23. 3*000003 




6. 3*965898 


12. 


4*903120 


18. 1 999172 


24- 2-775555 




NATURAL 


c 

NTT 


)T 6*903120 


or 9*999172 






MBERS OF LOGARITHMS, r>an** r8— rn. 




»■ 3 


11. 


"34 


_____ „»-, __-. 

21. 9785 3I. 


•0000009797 




2. 8 


12. 


7916 


22. 3480O 32. 


80080000 




3. 11 


13- 


345*6 


23' 52790 33« 


•04183 




4. 2 


14- 


2483 


24. 5547 34- 


•000000007968 




5- 94 


'5- 


7000 


25- *3'7i 35- 


-0046 




6. 145 


16. 


1 0000000 


26. '00000075 36. 


•00071 




7. 6*49 


»7- 


669000 


27. 4000000 37. 


•000006 




8. 586 


18. 


400000 


28. '00000007 38* 


8199000 




9. 248 


19. 


50000 


29. 4029 39. 


I'OIO 




10. 30*09 
1. 853*52167 


20. 
8. 


1 00000 


30. 2784 40. 


738800 




5432io 


15. 678945*3 


22. -000290888 




2. 4220*3 


9* 


666660 


16. 260418 


23- OI74533 




3- 7"°5'9 


10. 


98765 . 


17. 69500*645 


24. 2349632*4 




4. 23000*1 


11. 


84321 


18. 12375*426 


25. '0000017645 




5- 53*33 


12. 


123456 


19. 17 


26. '99727 




6. 938689 


*3- 


34*945 


20. 1 65 1 374 


27- '7854 




7. 456780 


14. 


SSSSS4 


21. '0096532 


28. OOO856735 



29. -000036808 
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LOGAEITHMS OF NATURAL 


NUMBEBS, page 


60. 




I. 


0*903090 


11. 


1*802774 


21. 


2926548 


3*- 


1*972043 


41. 


7*000000 


2. 


I'OOOOOO 


12. 


3805501 


22. 


1*964240 


32. 


4*722552 


42. 


2*79239* 


3- 


0*690196 


*3- 


7*165244 


*3- 


2'95376o 


33- 


4-698970 


43- 


4*477*34 


4- 


1*579784 


14. 


0*588160 


24. 


4* 000000 


34- 


5*845 '54 


44. 


4*000039 


5- 


2-579784 


*5- 


3829561 


*5- 


4*681241 


35- 


5421604 


45- 


5*774*5* 


6. 


2 OOOOOO 


16. 


2942504 


26. 


3958 1 H 


36. 


5606388 


46. 


7*947385 


7- 


6*oooooo 


*7- 


«*539954 


*7- 


4*763428 


37. 


5*699759 


47- 


2*45885* 


8. 


*'39°935 


18. 


0*034628 


28. 


2*554755 


38. 


1*686877 


48. 


3*55i938 


9- 


0*588832 


19. 


7*096910 


29. 


4651278 


39- 


1*970876 


49. 


4932847 


10. 


**954*43 *°- 3*954*43 3°- 

NATURAL NUMBERS 


7651278 


40. 

JARIT 


2-5I5397 

HMS, page 


50- 
60. 


7*816109 




OF L0( 




i. 


204 


10. 


3*^73 


19. 


•09 


28. 


404007 


37- 


•763888 


2. 


4753 


11. 


6-004 


20. 


'0091 


29. 


1 00000 


38. 


4220*3 


3- 


9 


•12. 


588*172 


21. 


50800 


3°- 


•0762 


39- 


53*13*9 


4- 


50 


*3- 


5945°° 


22. 


2*606 


3*- 


*H7 


40. 


•042404 


5- 


1 


14. 


264000 


*3- 


•1 


32. •< 


30000075 


41. 


•0048553 


6. 


100 


*5- 


1000 


24. 


•009 


33- 


1-00043 


42. 


**5 »5* 


7- 


366855 


16. 


2480000 


*5- 


052 


34. 


8859000 


43- 


100591 


8. 


3^59 


17. 


26*042 


26. 


451070 


35- 


•0918504 


44-* 


000209675 


9- 


418*557 


18. 


I5'438 


27. 


2*71828 


36. 


5*80693 


45- 


7*5 



MULTIPLICATION BY LOGARITHMS, page 6 3 . 

i- 3*7 745 * 7 = 595°; 3*022429 = 1053; 3*000000=1000; 3*521269 = 3321. 
*. 2*971331 = 93612; 4*034*47 = 10818; 3*494850= 3125; 4*443232 = 27748. 
3. 1*009026 = 1021 ; 0436878 = 2*7345; 1*818753 = '6588 ; 1*575742 = 37'M- 
4- 5*425758 = 266537; 4532375 = 34070 2; 2*639870 = 436*385; 1*292881 = 19-62826. 
6783260 = 6071000. 

5. 4*586678 = 38608; 4*677607=47600; 2*680225 = 478*878; 5'237543=*7*8oo; 

5 786113 = 611101. 

6. 3*97*387 = 9362-39; 2*993736 = 985*68; 4*659678 = 45675; 5*749272 = 561400; 

3*7*3999 = 52966. 

7. 7*146212 = 1 40027 18; 6*445142 = 278703a; 6-919110 = 8300615; 7*498480 *= 

3*5**3*9- 

8. 3*100249 = 1259-64; 2*511391 = 324632; 5-000000 = 100000; 8-696466 = 

•0497125. 

9. 7*499467 = 3*5839855; 3*782*15 = 6055; 3842614 = 6960*08; 4*3*7379 = 

21250*98. 

10. 5'5993** = 397476i; 3590806 = 3897*68; 5*4777*8 = 3°°4*9*3* J 7623683 = 

42041942. 
n. 6314887 = 20648428; 4808914 = 64404*2; 2*552762 = 357*077; 3*983651 *= 

9 6 3°*555- 
1*. 3*394677 = 2481*28; 4*312842 = 20551*4; 0*123363 = 1*32850; 3*5*987* = 33*0-34. 
13- 8*763323 = 000000057986; 3*778168 = -006000236; 7*740796 = '00000055055; 

1*233799 = -171317. 
*4- 5*7554*8 = 00005694; 0*622110 = 4*189; 3*473368 = 00297418; 4*147399 = 

14041*03. 

15- *'95 l0 43 = 893394; 3*5*4617 = 33467; 3*398070 = -00250075; 4*783612 = 
•000607593. 

16. 2*000000 = *oi ; T-oooooo = 'ooooooooi ; 5 050035 = -0000112211 ; foooooo •= 

1 00000. 



Answers. 
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DIVISION BY LOGAKITHMS, pages 66-67. 

1. 1*919078 = 83; 2*778875 = 601; 1-924279 = 84; 2*096910=125. 

2. 2*986680 = 969*8 ; 3*698970 = 5000 ; 5*880170 = 758875*4 J 2 *775 2 57 = 596*015. 

3. 7 809855 = 64544 ; 3644712 = 441278; 3*477122 = 3000; 1*822584 = 66*4637. 

4. 0*494768 = 3*1244; 1*614317=41145; 1428589 = 26828; 0*139814= 1*3798. 

5. 0*472427 = 2*967762; 2785908 = -06108; 2*385683 = -0243043; 2-571411 = 

•037274; 5*301030 = *oooo2 ; 4*301030 = -000002 ; 1*301030 = 20. 

6. 3*886534 = 7700-76+; 1*999234 =998236; 1*999489 = 99*8825; 3*763429 = 

5800. 

7. 1*569001 = 37*0684; 1*4251 15 = -266143; 4*376859 = 23815-5; 1-378403 = 23-9003. 

8. 1*995636 = 99; 1*319142 = 20*8517; 1*854294=71-498; 0-793259 = 6*2124. 

9. 4 699490 = 5006 ; 4'5'4747 = 3 2 7'5 5 4 , '3 I 74*S = 2 °7-$9 > a '°9 6 9 10 = I2 5- 

10. 0*942505 = 8*76: 2*525020 = 334*98: 5-291146 = 195500; 1*004364=10-1010. 

11. 1832752 = -68038; 4*903504 = -000800763; 1030734 = -107333; 2-509203 = 

3*3; 5'77Si5' =600000. 

12. 2*735031 = 543*288; 1-602689 = 40*058 ; 2-264818 =184; 3*946651 = 8844*04. 
13- i'94°5 o6 = 871978; 2297735 = 0198488; 1*278331 = -189815; 0-833525 = 

6*81592. 

14. 1*421422 = '265388; 1*421422 = 26*5388; 7-421422 = -265388; 3*421422 = 
2653-88; 7-301030 = 20000000; 7*477122 = 30000000. 

15. 1*057101 =-11405; 2*537395 = 344-663; 5*003528 = -0000100816; 0-833525 = 

6816. 

16. 2*339894 = 218-723; 2-934196 = 859-4; 1*004751 =*ioii ; 7*505150=32000000; 

5*028878 = '0000106875. 

17. o* = 1 ; 13* = 1 0000000000000 : I* = *i ; £• = *oi ; 4- = 10000. 



NATUBAL SINES AND COSINES, page 70. 

Natural Sines. 



1. 
2. 



570774 
867085 



3- 
4- 



947463 

570382 



5- 7*3*95 
6. 974228 



7. 800000 

8. 997630 



1. 969227 

2. 328958 



Natural Cosines, page 70. 
3. 167237 5. 688000 



4. 995612 



6. 868805 



7- 782397 
8. 989472 



i- 63 s 53' 47* 3. 
2. 21 44 21 4. 



Arcs of Natural Sines, page 7 1 . 



53* i 49' 
66 59 10 



5. 26 21' 34* 

6. 11 45 52 



7. 47° 48' 33* 

8. 31 57 10 



9. 48*46' 34* 
10. 73 44 23 



1. 63W58* 

2. 18 29 12 

3- 43 « 5* 



Arcs of Natural Cosines, page 7 1 . 



4- 45° *4 39* 

5- 59 ° 47 

6- 23 54 9 



7- 39° 4*' 4" 
8. 12 53 4 

9- 3*5 8 32 



10. 77 33 15 

11. 2 33 48 

"• 53 7 48 



LOG. SINES, TANGENTS, SECANTS, ETC., page 74. 

1. 9*202234 4. 9883934 7. 9*7747*9 ">• 9' 2 75658 

2. 10-185981 5. 10829843 8. 9*895443 11. 10*144904 

3. 9-989071 6. 10*135990 9. 10*308556 12. 9*907590 

BUB 



yjo 



Antwert. 



LOG. SINES, TANGENTS, SECANTS, ETC., pag« 78. 



MO. 
I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 

13 
'4 

'5 

16 



BINE. 
9*079607 
9*611999 

9 f 7 87595 
9*923122 

9*246845 

9*975130 
8*504189 

9*999580 

8*246654 

9955206 

9938922 

9*990926 

8-668140 
9*217118 
8*504188 
6297326 



TANQENT. 

9*082763 
9651805 
9*890004 
IO*l85903 
9*253720 

10-45799° 
8*504410 

11*356298 

8*246721 
10*319983 

0*244180 
10*684913 

17. 8-361681 

'8. 9*5°5 3 7i 

19. 8*297036 

20. ix '263695 



SECANT. 
I0*OO3I56 
IO'0398o6 
IO'I02409 
IO'26278l 
I0'0O6876 
10*482859 
0*000221 

i'35°*7i9 
0*000068 

0*364777 

°*3°5 2 59 
0-693987 



COSINE. 

9*996844 
9*960194 

9" 8 9759i 
9*737219 

9*993124 

9*517 '4i 
9-999779 

8*643281 

9*99993* 

9' 6 35**3 
9694741 

9- 3060 1 3 



*5- 
26. 



21. 10*348X95 

22. 10*100598 

23. 10*203779 27 

24. 8*546002 28 



COTANOTUfT. 

10*917237 
10*348195 

10*109996 

9*814097 

10*746280 

9*542010 

"•495590 

8643702 

"•753*79 

9*680017 

97558*0 

9'3'5o87 

8-024643 
8-658227 

8305785 
8-258261 



29. 
30. 



cosecant. 

10*920393 

10*388001 

10*212405 

10*076878 

10*024870 
1 -4958 1 1 

0*000421 

'•753346 
0*044794 

0-061078 

0*009074 

107 141 59 
9972464 



1. 33 26' 48* 4. 

*. 57 3° 53 5- 

3. a 55 26 6. 



AEOS OF LOG. SINES, page 80. 



a°i7* f 

'9 *5 35 
58 15 30 



1 8° 26' 6" 

39 7 15 
9. 54 13 20 



7- 
8. 



o 9 9' SO' 



10. 

11. 87 38 20 

12. 70 34 18 



13. 5* 35 3°" 

14. 4 1 28 

'5- * 39 39 



!• 5-»*'3'35* 
*• 55 45 8 
3. 89 13 8 



AEOS OF LOG. COSINES, page 80. 



4. 8° 6' 31' 7. 

5. 81 18 o 8. 

6. 79 11 16 9. 



70°47' *5* 
80 37 20 

88 40 54 



10. 31 9 33* 13. 

11. 3 56 40 14. 

12. 88 54 16 15. 



89° 38' ao* 

84 15 39 
84 4 38 



1. 14° 23' 15* 3, 

2. 51 28 50 4. 



AEOS OF LOG. SECANTS, page 80. 

3°*4 # & 
26 33 o 



5- 79 39'5* 4 
6. 84 19 47 



7. 18*22' 17* 

8. 88 41 42 



9- «i° 4' I5 r 

10. 86 22 57 



1. 26°43' o" 

2. 34 1 14 
3* 5 40 16 



AEOS OF LOG. COSECANTS, page 80. 



4. °° 5 ' 13' 

5* 49 « 9 

6. 2 4 7 



7- 5°43' 39* I0 - 

8. 1 57 4 "• 

9. 3 54 45 12. 



58-15' 30" 

7 13 5*5 
4 46 56 



13. 78°a» # 32* 

14. 60 13 52 

15. 2 56 ao 



1. 77° 0*23" 

2. 45 o 24 

3. 62 42 21 



AECS OF LOG. TANGENT, page 80. 



4. 8x°3i'58' 

5. 54 43 26 

6. 5 13 *3 



7. 86° 58' 16* 

8. 1 8 7 

9. 27 28 54 



10. 23°43' 17* 

"• 35 3 3* 
12. 87 o 46 



'3- 48°5«' *4* 

14. 2 40 10 

15. 1 a 18 



1. 6i° 2' 39* 

2. 7 34 16 

3. 27 16 43 



AEOS OF LOG. COTANGENTS, page 80. 



4- 

5- 

6. 



4i° 1' 35* 
11 o 41 

3 37 5° 



7. 88° 46' 54" 10. 82°49'23* 

8. 44 20 2 11. 8 30 34 

9. 86 32 24 12. 88 $s 35 



13. 88°ao'53« 

14. 76 40 15 

15. o 29 i£ 



Answers. 3?i 

MISCELLANEOUS EXAMPLES. 
For practice in natural and logarithmic Sines, Tangents, and Secants, jMgr* 80. 

(1.) Nat. Bine -432651, its common log. is 9*636138, which is the] log. sine required. 
(2.) Nat tang. 3, its common log. is 10*477121, which is the log. tang, required. 
(3.) Log. 9*236713, its corresponding nat. no. is '172470, the nat. cos. required. 
(4.) The given log. tang. 9*850593, being subtracted from 20, gives 10-149407, the log. 
ootang. 

(5.) The nat. sine of 68° 45' 24* is '932050, the log. of which, or 9*969439, is its log. sine, 
which, being subtracted from 20, leaves 10*030561 for the log. cosec. 

(6.) The log. sec. 1 1*024680 subtracted from 20, leaves 8*975320, the log. cosine, the nat. 
no. corresponding to which, or '094476, is the nat. cosine sought. 

(7.) 1. The quantity 9*450981 is found in the tables to be the log. cosine of the arc 
73 35' 31'. 2. The hat. no. corresponding to the given log. is '282476, which is the nat. 
00s. of 73 35' 31*, the arc A sought. 

(8.) 1. The square of radius, or 1, divided by the nat. seo. 2*005263, gives '498688, the 
nat. cosine of A, which is found in the tables of nat. cosines, to correspond to 6o* 5' 12' the 
value A. 2. The oommon log. of the nat. sec. 2*005263 is 0*302171, which w found to be 
the log. sec. of 6o° 5' 12% the arc A sought. 



DIFFERENCE OF LATITUDE, page gi. 

1. 203' N. 3. 293' S. 5. 795' N. 7. 610' S. 9. 94' N. 

2. 470 8. 4. 330 N. 6. 157 8. 8. 459 N. 



MERIDIONAL DIFFERENCE OF LATITUDE, page 92. 
1. 97 *• 2426 3. 345 4. 1216 5. 932 6. 260 



LATITUDE IN, page 93. 

1. 34 a'N. 3. o° 8'N. 5. 2*48' 8. ^. o°2o'S. 9. Equator. 

2. 27 54 N. 4. 3 1 N. 6. 2 54 8. 8. Equator. 10. 39° 14' B. 



MIDDLE LATITUDE, page 94. 

1. 17-19' 2. 2«ioJ' 3. 35° 37' 4. 6i' 3 iJ' 5. 53*12*' 6. 6 4 ° 3 i 



DIFFERENCE OF LONGITUDE, page 95. 

1. 300' E. 3. 716' W. 5. 270' E. 7. 368' E. 9. 180' W. 11. 2835' E. 

2. 507 E. 4. 260 W. 6. 422 W. 8. 420 W. 10. 412 E. 12. 1200 W. 



LONGITUDE IN, page 96. 

1. 7*3*'W. 2. i°i8'E. 3. 31° 4'E. 4. o^o'W, 

5- * 15 B - &"• ° 45 W. 7. 39 10 W. 8. 92 9 E. 

9. 103 56 E. 10. 178 26 W. 11, 178 57 E. 12. 179 59 E. 



IJSEWAY-— CORRECTED COURSES, page 105. 

1. S.W. J 8. 2. S.S.W. }W. 3. N. JE. 4. N.E. }E. 

5. E.byS. 6. N.W.byW. 7* W.J8. 8. N.E. byK-JE. 



$jl Answers. 



VARIATION— TRUE COURSES, page no. 

i. N.E. 2. 8.8.E. 3- W.8.W. 

4. N.W. 5. N.N.R 6. S.E. 

7. S.S.W. 6. N.W. by W. 9. S.E. by E. J E. 

10. N.fE. 11. S. JE. 12. N. JW. 

13. S.W. byW. JW. 14. E. by 8. J 8. 15. E.N.E. 

16. W.byS. |S. 



DEVIATION— TRUE COURSES, page 137. 

1. N. 38*59' E. 8. S. 48*55' E. 15. 8. 28*57' W. 22. S. 78*10' W. 

2. N. 022 W. 9. N. 19 254 E. 16. 8. 438JE. 23. S. 56 2JW. 

3. N. 20 58JW. 10. 8. 016 W. 17. S. 73 ioJW. 24. S. 4 34J W. 
* S. 43 39JW. n. S. 84 7JW. iS. N. 32 24JE. 25. 8. 63 u|W. 

5. 8. 84 7JW. i2. 8. 36 12JE. 19. N. 3 o E. 26. 8. 74 3JE. 

6. 8. 24 $1 W- «3- 8 - *7 ° E - ao - N - 8 9 55 w - 2 7- S. 79 16 E. 

7. 8. 89 35 E. 14. Iff. 59 12JW. 21. 8. 9 33 B. 28. N. 77 46 W. 



MAGNETIC BEARINGS OF OBJECTS, page 140. 

1. N. 78°io'E. 5. N. S4°54'E. 9- S. **° *' W. 

2. S. 7a 32 E. 6. 8. 11 53 W. 10. 8. 2 39 E. 

3. N. 5 14 E. 7. N. 8 37 E. ii, N. 72 33 W. 

4. 8. 10 16 E. 8. 8. 89 13 W. 12. N. 3 6 W. 



LEEWAY, VARIATION, and DEVIATION— TRUE COURSES page 143. 

1. E. by 8. i 8. 13. N. 64* E. 

2. N.W. by N. 14. N. 78 W. 

^T 1 TIT L? A _ Ti» 



3. N. byW. 15. 8. 85 E. 

4. N.N.W. 16. S. 79 W. 

5. S.E. by E. 17. 8. 6 E. 

6. S.E. 18. 8. 73 W. 

7. N.W. JN, 19. 8. 37 W. 

8. Sonth 20. 8. 57 J W. 

9. 8. byW. JW. 21. 8. 77 E, 

10. S.E. by E. } E. 22. N. 84 W. 

11. W.J N. % 23. 8. 81 E. 

12. 8. 44 E. 24. 8. 32 W. 



*5- 


8. 3$°E. 


26. 


8. 9 E. 


27. 


N.59 E. 


28. 


X. 89 E. 


29. 


8. 60 W 


3°- 


N. 10 E. 


3i- 


8. 60 J E. 


3»- 


8. 77 E. 


33- 


.8. 76 W 


34. 


N.E. J E. 


35- 


N.f W. 


36. 


W.JN. 



NAPIER'S DIAGRAM. 
Deviations, page 148. 

(a) Curve A.— 10* E. ; i9°.E.; 24* W. ; i8j*W.; 25 # W.; 2 # E.; 23|°E.; 17° W.; 
24J E. ; 24° W. ; 15 E. 

(b) Curve B.—3 E. ; 5j°E.; 5°W.; 8J°W.; ioJ°W.; o°; 8°E.; »7j°W.; io°E.; 
6°W.; 5j°E. 

(c) Curve C.—i5°W,; n£°W.; oJ°W.; 28J°E.; ioJ°E.; 6°B.; 14J W.; 28J°E."; 
24J W. ; 2 E. 

Correct Magnetic Courses, page 150. 

Curve A.— N. 66° W. ; 8. 87° E. ; 8. 23 E. ; 8. 54* W. ; 8. 63J W. ; N. 68° E. 
8. 3iJ<> E. ; 8. 63 W. ; N, 41 J° W. ; 8. 16 W. 

Curve B.—N. 56 W. ; N. 86° E.; 8. 22^!,; 8. 5 &l tt W.; S.6fW.; N.6i°E. 
8. 37 a E. ; 8. 67 W. ; N. 31 J° E. ; 8. i8<> W. 

Curve C.-N. 37 W. ; N. n¥ E. ; 8. 75 E> ; N. 6* W. ; N. 58 W. ; N. 20 E. 
N. 8b 9 E. ; N. 58*° W. ; N. 2 7 J° W. : 8. 76 W. 



Answers. 



in 



Compass Courses, page 151. 

Cubvb A.— N. 79 W. ; N. 27* E. ; S. 21}° W. ; N. 9 E. ; N. 41 J° E. ; N. 78 E. ; 
S. 66 a W. ; N. 21 J° E. ; N. 86« W. 

OimvE B.— N. 83 W. ; N. 31 \° E. ; S. 2oi W. { N. ioJ° E. ; N. 470 E. ; N. 83^ E. ; 
S. 61 J° W, ; N. 2 5 ° E. ; ft. 8 9 ° W. 

Cujblvb 0.— S. 21° W. ; N. 78 E. ; South ; N. 35$° E. ; S. 73 s E. ; S. 31 E. ; S. 8 a W. ; 
N. 65i»K; 8. i8°W. 



DIFFEEENCE OF LATITUDE AND DEPAETUEE, page 169. 



NO. 
I, 
2. 

3 

4 

5 
6 



D1FF LAT. 

2 7 '- 7 8. 

9'4 8- 
ioo-8 S. 

12*3 N. 

28-8 8. 

142-7 8. 

44'5 N. 



1)KP. 

ii'\5 E. 

47-1 E. 

91-3 "W. 

83-1 w. 

48 o E. 
173-9 w - 
177-5 E. 



NO. 


DIFF LAT. 


DSP. 


8. 


io'-8 S. 


33*3 W. 


9- 


22*9 N. 


8-8 W. 


10. 


io*9 8. 


233 W. 


11. 


2-5 S. 


145 w. 


12. 


27-3 N. 


139 w - 


13- 


7-48. 


42-2 W. 


14. 


33' 2 N. 


108 W. 



COUESES AND DISTANCES, page 171. 

NO. COYBKES. 

6. N. 44 E. 

7- S. $5 W. 

8. 8. 6 W. 

9. 8. 2JW. 
10, N. 58 E. 



NO. 


COURSES. 


DIST. 


I. 


8. 19° E. 


77' 


2. 


N. 67 E. 


1 86 J 


3-' 


N. 66J W. 


161 


4- 


6, 2i E. 


I0 5i 


5- 


N. 30 W. 


480 



TEAVEE8E SAILING, page 176. 



|wy« 179. 

1. N. 64°i7' 30* W., distance 396*7 miles. 
4* 8. 79 8 45 E., distance 96*5 miles. 
6, 61 *6 miles, or i° i' m 6 



BIST. 

52j' 

93 
i6ij 

173 
310 





NO. 


D. LAT. 


DKP. 


LAT. IN 




COURBK. 


DMT. 




I. 


95*2 8. 


92- 1 W. 


5i°23'N. 




8. 44° 


W. 


132' 




2* 


20*0 8. 


1288 w. 


53 5* N. 




8. 81 


W. 


I30 




3- 


375*6 8. 


O'O 


2 26 8. 




8. 




376 




4- 


0*0 


768 E. 


19 8. 




E. 




77 




5- 


75*1 S. 


77-8 E. 


15 8. 




8. 46 


E. 


108 




6. 


120*0 N. 


149*0 E. 


50 N. 




N, 5 i 


E. 


192 




7- 


31-0 8. 


8-4 W. 


46 41 N. 




8. 15 


W. 


3* 




8. 


24-7 S. 


145- 1 W. 


34 36 N. 




N. 80 


W. 


'47 




9* 


SSI N. 


129-9 ^« 


35 39 S- 




M.2 3 i 


W. 


'39* 




10. 


i5°*3 S- 


56- 8 W. 

PARALLEL 


44 8. 


8. 21 
page 178. 


W. 


161 




BATTING, 




1. 


250-3' W. 




2. 344-4' E. 


3- 


5192' w. 




4. 47i'3"W. 


5- 


148-0 w. 




6. 5 1 25 E. 


7. 


6120 W. 




8. 1138 E. 


9- 


117*7 w. 




10. 408*0 E. 


11. 


372-2 E. 




l2 ' 594'5 B, 



2. 893*4 miles. 

5. 6o° and 70 32'. 

7. West, distance 864* t miles. 



574 



Antwtrt. 





■ 


MIDDLE LATITUDE SAILING, page 182. 






I. 


D. lat. ii 3'* 3 


Dep 


■ »73''5 


Lat. : 


In 27° 


18' N. 


D. long. 305* 


Long. 


in 54° 55 V, 


2. 


« 99*9 


»* 


187*0 


j) 


34 


10 N. 


t, 224 


»» 


29 


8 W. 


3- 


898 


>» 


189-8 


M 


41 


S. 


„ 248 


» 


70 


12 E. 


4- 


„ 165*6 


it 


"3*3 


tt 


49 


10 8. 


„ 334 


» 


'75 58 W. 


5- 


» 9 6 '7 


tt 


3»*"7 


)f 


18 


52 N. 


» 338 


» 


'75 


12 £. 


6. 


„ 1 146 


n IM'9 » 

MEBCATOR'J 





59 8. 


» «3 
page 186. 


tt 


*7 


47 W. 




3 SA 


IUNG, 




MO. 


D. LAT. 


M 


. D. LAT. 




D. LONU. 


COURSE. 






DVT. 


Z 


. 97 N. 




"5 




131 


E. 


N.46'2i' 


E. 




H« 


2, 


85 S. 




130 




76 


E. 


S. 30 19 


E. 




9 S 


3 


280 N. 




497 




368 


E. 


N. 36 31 


E. 




34* 


4 


81 N. 




128 




227 


W. 


N.60 35 


W. 




»«S 


5 


230 8. 




500 




27O 


E. 


8. 28 22 


E. 




26l 


6 


687 8. 




785 




3698 


W. 


8. 78 1 


W. 




3309 


7 


1232 N. 




1760 




473a 


E. 


N.69 36 


E. 




3534 


8, 


. 115 N. 




166 




I 9 I 


E. 


N.49 


E. 




'75 


9 


1 107 N. 




1230 




'45* 


W. 


N.49 44 


W. 




1713 


IO. 


. 779 8. 




1080 




1200 


W. 


8. 48 1 


W. 




1165 


ii. 


ion N* 




"39 




3808 


w. 


N. 73 21 


W. 




3528 


12. 


. 79* 8 - 




794 




"54 


E. 


8. 57 39l 


E. 




1480 


n 


128 N. 




»33 




725 


W. 


N. 72 11 


W. 




418 


M 


. 315 s. 




5 2 4 




365 


E. 


8. 34 5* 


E. 




384 


'5 


■ 73i 8. 




733 




2459 


E. 


8. 73 24 


E. 




*559 


16 


150 N. 




274 




354 


E. 


N.52 16 


E. 




HS 


17- 


. 4483 N. 




4842 




33H 


E. 


N. 34 23 


E. 




543* 


1 8. 


i860 8. 




1884 




412 


E. 


8. 12 20 


E. 




1904 


'9 


3355 N. 




35'6 




7587 


W. 


N.65 8 


W. 




7978 


20. 


180 N. 
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W. 
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DEVIATION, page 208. 

Note. — In the following key, the first line for each day's work is explained by the titles 
at the top of the page. The second line contains the True Courses. The third line contains 
the Diff. Lat. and Dep. corresponding to each course : their names are not given because 
these are easily seen from the courses in Hie second line. 



1 


Courses. 


Distant*. 


Diff. Lat. 


Departure. 1 Lat in. 


Kid. lat. 


Diff. loaf ■ 1 Leag. in. 




N. 63s E. 


227' 


xoi'*7 N. 


202'7E. 1 36°57'N. 


36°6' 


250}' E. 


71° 194' W. 




N. 89° E. 1^ 
©'•3. i9'*o 


8.43oE.5o'«2 
3 6 v -7 3V2 


87i°E38'-3 
X2'*5 36'-a 


N55°E4i'-8 N3°"W4i'-6 
24*0 34'*2 . 4i' # 5 a''a 


N i5°E42'*2 
4o'*8 io''9 


N8a°E36'7 
5'*x &'3 


N4i°E«' 
39'-a 34S 


a 


8.779°E. | 99' [ 2X ,# S8. 


96'-6E. j 53°45i'N. 


53° 56' 


164' E. 


a°39'E. 




8. 68° E. 17* 

6'4 *5'*8 
N.30W.6' 

6'o o'-3 


N.73oE.a8' 
ff-a 26' -8 


8. 7 r E. 31' 
8'*o 29 r, 9 


N.72°E.2o' 
6'*a l9'*o 


8. 9 W. 19' 
l8 r -8 3'o 


8.5°W. 13' 8. 200 E. 10' 
13*0 l'l | 9 '-4 3' 4 

1 

1 


N.24 E.ij' 
13'7 6''i 



8. 71 W. 



8.40°^. 14' 
lo'7 9''© 



i&f 



8. 26° W. 4a' 
37'-7 18''4 



53'*7 8. 



8.48°W.30' 
atf*! aa #, 3 



i58'*4 W. 



N.6a°W.49' 



•»., 



23-0 43 -3 



36° 9' N. ] 36° i& 



N.i^Wm' 8.3°E. 25' 
39'"4 ll'*3 %$•<* t''j 



1974' W- 



8.57°'W'.3i' 
16% *ro 



ia° I7J' W. 



8. 7 9PWje' 
5^7 W m 4 



Antwtri. 



375 



Courses. 

N. 71 W. 

N.<o°W.2o' 
ia*9 i5'*3 



Distanoe. 
"IsF"" 



Diff. Lat. 

17'7 N. 



8.810^.26' N26°E33'-8 
4 '-i a 5 '7 ! 3 o'-4 i4'8 



Departure. 

5*''5 W. 

S34°E2l'-4 
17'7 12'o 



Lat. in. 

45° 54' fl- 



Hid. lat. 
46° 3' 



N70°W24'j N64°E26'-3 
8'\i 22*-8 i ii'-5 23'0 



Diff. long. 

75*' W- 

S56°W23'-2 
i3'o 19''2 



Long. in. 
3° 25i' W. 

862°W22''5 

io'-6 19''9 



6 8. 45 W. 



8.87°W.9' 
o'*S 9'o 



8x' 



82Q°W37''7 
33 o i8'-3 



5/5 8. 



N. 23°W. 45' 
4i''4 17''6 



57''5 W. 



N77°W 3 3' 
7''5 



r 33 # ? 
3^6 



34° i*i' N. 



South 45'*3 



34° 4i' 



32-8 i8'-a 



70' W. 



N7i°E24'-8 
8'- 1 ai'rs 



6*46' W. 



8. 79 E. is' 
2'- 9 14*7 



N. 3 °W. 



8. 30 E. 15' 
i5'*o o'-8 



28'-5 



N.75°"W.i2' 
3'"i il'"6 



28'-s N. 



S.6 3 °E.i3' 
ii'-6 



5''9 



i'-6 W. 



8. 10° E. 25' 
2 4 '6 4-3 



30° 27'- 5 N. 



N.8°E.2o' 
19'*8 2'-8 



30° 13' 



8. 76°W. 15* 
3'6 J4'6 



2'W. 



N. ii W.27' 
a6'5 5'-2 



32 52° E. 



N. 20 E. 30' 
28'"2 xc/^ 



8. 56 W. 



N.88°W.x8' 
o'-6 i8'o 



119' 



N.2°E.37'-8 
37'-8 i'-j 



66'-3 8. 



886°W33'-6 
a'*3 33'"5 



9 8'-5 W. 



S79°W47'-6 
9'1 46-7 



45° 26' 8. 



8 i6°W24' 7 
23'7 6 7 8 



44° 53' 



Si5°W37"6 
36 y 3 9'7 



139' W. 



8. 8° E. 50' 
49''5 7'o 



179° 8' W. 



N.26°E.i8' 
l6'a 7'*9 



N. 70 W. 



N.66°E.2i' 



8'5 



19'*2 



162' 



N7i°E49'7 
i6' # 2 47'*o 



56'-o N. 



N75 ^i7''3 
4 '-5 i6'7 



i5i'-6E. 



N.35°E.3 4 ' 
zfg I9 r «5 



63 14' N. 



828°Wi3'*5 
n'*9 6'* 3 



62 46' 



8 74°E2l'-I 

2o'*3 



W 



33i'*4 E. 



S2»Wi6'8 
i6'8 c/-6 



57 46"W. 



N.47°E. 4 o' 
33"4 35'*» 



9 



8. 77fc° E. 



8. xa°E. 14' 
i3'7 a'9 



105' 



8 37°El8' 7 
14'9 il'*3 



22*7 8. 



Nii°W25'*2 
247 4'"8 



io2'*5 E. 



8 13 E 2i'*7 



2l'"X 



4''9 



59°26'N. I 59° 3/ 



N5i°E33'-3 
2i' # o as'-g 



S 4 °Wi8'-4 
x8'«4 i'-3 



202 /, 5 E. 



Sj7i°E24'"9 
W'i 23''5 



4o°3l'-5'W. 



N79°E4o'-8 
7"8 40'i 



10 



N. 6 4 <>W. 


"5' 


49'-8 N. 


103'5 W. 


35° *>' 8- 


35° 45' 


N8 7 8 Wl 4 ' 
o'7 i4'-o 


West ao'*5 


N69°Wi 7 '-2 
6'2 16'- 1 


N 36^24' 
19'*4 14' -l 


N.8°W.22'3 
22'*! 3'-i 


N73°W3l'-2 
9'-i 09'-8 



127J'W. 



S88 W20^-3 
0*7 2o'*3 



\\%°XftVT. 



8.64°E.i6' 
To i 4 '-4 



U 



N. 73 W. 



.82°"w. iy 

8''4 i6'-8 



136' 



888<>W33'-6 
l'-a 33 6 



39'*9 N. 



N3io"W23'-2 

19^*9 I2'"0 



130'' xW. I 55° 19*8. 



N6i°'W44 / -6 ! 86i 0, W47'-8 
2i'-6 39'-o I 23'-a 4i'*8 



55° 39 



Nj°E29''5 
«9'5 i'*5 



231' W. 



$;% 8 



71° T W. 



N34°W27' 



.'. 



'•1 



22-4 15'T 



12 



8. 53i "W. 



N8x W.l/ 
2'*3 i4'-8 

N. 820 E. 9' 
i'-3 8'-9 



«4»' 



8. 750 W. 25' 
6'*S 24'-! 



5o'«a 8. 



8. 20 W. 23' 
23' 'o o' 



% 



67''8W. ! 57°39'N. 



58° 4' 



8. 36 "W. 19' .N.210W.9' 
I5 r, 4 m'*2 I 8'*4 3'-2 



S.14 W.19' 
x8'*4 4'*6 



128' W. 



8.49°'W.i6' 
lo''5 xa'*i 



8°2</W. 



N.270W.X3' 
ll'*6 5**9 



13 



8.3i°E. 



N.66°E.2 



- 2 i' 



Io'*2 22 
N. 670 W.J' 

t'*a a'*8 



8' 



7 '-8 8. 



8. 45 E. 10' 

7'*i 7*'i 

839°W22'"S 



'•, 



i7"5 X4"2 



N62°W. 14' 
6'-6 i2'*4 



o'-5 E. 



8. 28°W. X3' 
xx'*5 6'*l 



62° 17' 8. 



N.34°E.xy 

r-s /- 3 



10' 



62 13' 



N. 250 E. 8' 
7''J 3'*4 



l' E. 



s. 4/ w. r 

4'-8 5"! 



i40°x8'E. 



8. 9 E. 3' 
3''0 o'*5 



14 



8.450E. 



8. 39° W. 15' 
il 7 7 9'- 4 



110' 



842°Ei5 ,, 3 
n'*4 lo'*2 



77"3S. 



833°E25''6 
2i r, 5 13'*9 



78'«3 E. 



N.44°"W.24' 
ij'$ i6'7 



5i° 37' 8. 



N.8o°E.22' 
3'-8 2i'7 



5o° 5» 



S4i°W2i'7 
i6'4 i4'-2 



124J' E. 



8. 32' E. 4/ 
39 9 24'"9 



22°14i'E. 



N.87°E.48' 
a'5 47'9 



15 



West. 



N.84°W.a3' 
2'*4 aa'*9 



183' 



S.6°W.48'-i 
47''8 5''o 



O'O 



i8'-o 32''5 



i8 3 ''o 



46°ao , S. 



8.240^.30' N 75 W43''5 
27 #, 4 12^2 I n f '3 42'*o 



460 20' 



N6o°W38'-4 
13^8 35'9 



265' W. 



Nao«>W37'-8 
35''5 "''9 



178051' E. 



N.330W.36' 
3o r, 2 igf'6 



16 



N.5oJ°E. 



N.u°E.lo/ 
xo'-6 



#f 



135' 



12^6 i5''5 



85'-8 N. 



N.3°E.33' 
33'o i'7 



104'"3 E. 480 3' N. 



8. 7 9 3 E.39'.8.73 W.35' 
f'4 38 r -3 I io'-2 33^5 



47 20 



N.45°E.4o' 
28'3 28'"3 



154' E. 



N.88°E.32' 



r'- 



x "x 32*0 



5o°s6'W. 



N. 4 2 E.X7 / 
i2''6 xx'*4 



n 



N. 86»W. 



N.i2°W.25' 
24''5 5'*a 



171' 



8. 640 W. 40' 
vf-5 36'o 



u'-8N. 



8. 42 W. 48' 
357 32''i 



i70'-8 W. 



S33°W33'-8 
28''4 x8'- 4 



5i°2o'x8"N 



N6°W37'-9 
Vf'l 4'o 



51 14' 24* 



N2i°W42'-5 
39 '7 i 5 '- 2 



272'^ W. 



873°W29' , 2 
8''5 27'*9 



3 l</ W. 



"Wert 3a' 



18 



8. 74 E. 



8. 78°E. 42' 
8'7 4i''i 



269' 



8.8X0E.53' 
8'3 52 '3 



74'-! 8. I 258'-! E. i 36 31' N. 



8. 79° E. 4/ 
9'*o 46'* x 



S. 90 E. 22' I N. 17 W. 8' 
2i'7 3''4 , 7*7 a''3 



37° 8' 



8. 76° E. 37* 
9'o 35*9 



3a3'-8 E. 



8 59°E3 



17-8 ay-6 



20° 24' E. 



882°E52'-5 
7'*3 S*'*© 



3?6 



Answers. 



19 


Courses. 


Distance. 

92' 


Diff. lnt 

8 3 '-8 8. 


Departure. 


Lai. in. 


[ Mid. Int. 


1 Diff. long. 
1 46' E. 

N8 3 'E 7 
o - 9 6-9 


Long. in. 




8. 24° E. 

'S.2Q°E. 15' 

! U s i 7' # 3 
S.63°E.22' 

1 ic/'o 19' 6 


37'9 E. 

S. 42 K. 19 
141 127 


36 14* 8. 


35° 32' 


2o»47'E 




8. 4 E. 0' 
9'*o 0' 
N. }0 3 E.ij' 
. lo'-o 8'*4 


N\ *2->E. 11' 

9''3 <? 
8.5i°W.6o' 
1 37'8 46'6 


, S66"»E. 13 

53 "9 

1 
1 


8 550 E 26 
14'9 2t'3 

i 


N89«Wio 

O'Z XCO 


20 


SilJ J W 


116' 


H3'-6 8 


23' 3 W 

S51 W279 
176 21 7 


| *7°33'S. 

8 59 E 28 

! M4 240 


*6° 36' 


26' W 


44° 4»' E 




8 34° W 17 

o 4 'V 9 " 5 
851 E 11-2 

7'i 87 


8 6 W 107 
io'6 1*1 

811 E67 
6'6 i'j 


N85 3 W87 

o-8 87 

S29W35 

300 17-0 


, S«W8- 7 

6-4 5-9 

1 
■ 

1 


N75 E 12*2 

3* H'8 


S27 3 Wri'4 
I0 - 2 5*2 


21 


870° E 
S 73' E 23 

67 220 

8 77° E 376 
8'5 366 


219' 


75'o 8. 

8 2f W 105 

97 1'i 


205'-4 E. 

N2«> > K23 4 

21'0 IO"3 


38° 57' 8 

S 7 ' S E 12 
U'9 i'5 

• 


38- 19' 


262 E. 


176° 58 W 




S68°E52 9 

io"8 490 

K 87' E 48 

2'5 479 


S 34 E 25-1 
208 14*0 


S 57 E r :> 
7'i io'9 


8 51 E 22-2 
14*0 17*3 


22 


N O5 W 


no 


407 N 


99-3 W 

N56'Ei6-2 
9'* 13*4 


55° 4* S 


5<>° 3' 


178 W 

836PW11 

9*5 55 


7i° 35 W 




8 68° W 30 
u*2 27*8 


N580W30 

15'9 *5*4 

N40W259 

25-8 18 


8 62- W 14-8 

7*o 13' 1 
8 51° W 10 
12-0 14*8 


N36°WiO-6 
13-4 9-8 


N43°E8«3 
61 57 


X 30a TV 12-4 

107 6*a 


23 


S 12° "W | 


204 1 


1997 8 ] 


43-oW 


19°25 , S 


»7* 45' 


45 W 


179° 39 E 




South 15 ' 

* 1 


S330W38 ; 
31*9 207 1 


8 23° W 26 

23 *«J I0"2 1 


N.790W34 

6'5 33*4 


8 n° W 56 
55"° 107 


Si5 3 E 4 5 
43*5 «* 


S6o°E26 
iyo 22-5 | 


S5°Wa4 
23*9 2-1 



ASTRONOMICAL DATES, page 219. 



1. Jan. i d i6 h 38 na 9* 

4. Mar. 31 19 54 19 

7. Dec. 31 6 18 34 

10. Oct. 1 o 10 11 



2. Feb. 27 d 8 h i2» o» 

5. Jane 3 16 18 3 

8. July 1 8 3 24 

11. 1871, D«c. 31 20 9 50 



3. Aug. i4 d 6 h 28 BI 4o* 
6. Aug. 31 20 10 52 
9. June 30 23 30 10 
12. 1872^60. 31 12 44 12 



1. 
2. 

3- 
4- 

5- 

6. 



Jan. nth, 
Oct. 15th, 
May 17th, 
April 1 at, 
Sept. ist, 



CIVIL DATE, page 219. 

4 b 3i»i5«A.M., Feb. 3rd, 

3 17 13 A.M., Dec. 3rd, 

7 15 11 p.m., Mar. 14th, 
11 10 16 a.m., Mar. 21st, 

8 10 54 p.m., Sept. 1 at, 



1872, Jan. iet, 9 50 41 p.m., 



Ilh 2 8ag6 a P.M. 

5 l6 12 P.M. 

1 1 15 7 A.M. 

7 24 12 P.M. 

8 10 54 A.M. 



1873, Jan. I8 *> I0 4-8 56 AM - 







DEGREES INTO TIME, page 220. 




■ 


I. 


i h i5 m 36 t 


o h 5o m 43 t 9^ 9 m 48 1 6 h 24 n, 43* 




5 h 57 m 4 . 


2. 


4 3° 48 


5 5 « 540 9 22 87 




4 37 56 


3- 


3 54*4 


3 16 17-33 1 47-2 $6 10 




8 41 16 


4- 


36 56 


10 52 ii*2 2 29*6 9 12*8 




11 21 


5- 


7 14 * 8 


41 48-9 9 56 5 38 50 




0218 


6. 


54 


3 24 40-8 10 27 28 11 55 19 




2 46*8 




TIME INTO DEGREES, page 221. 




1. 


1 8° 28' 0' 


2. 58 i # 0* 3. io°33' 0* 


4* 


168*50' 15 


5- 


67 16 15 


6. 147 24 30 7. 8 44 33 


8. 


2 5 *5 *4 


9- 


89 46 


10. 124 16 30 11. 5 22 43*5 


12. 


175 16 40 


13- 


58 


14. 2 29 15. 13 


16. 


5 10 i S 


'7- 


9 14 


18. 75 12 45 19. 179 59 i S 


20. 


28 



Answer*. 



377 



i. Jan. 

2. Feb. 

3. Jan. 

4. ' Mar. 
5- May 



6* 8* 
12 22 4 19 

3' 7 29 28 
15 8 8 6 
15 6 6 o 



GREENWICH DATES, page 224. 

8 n o 1 -6. Oct. 3i d 2i h 22 m ro» 11. 

1 6 32 45 12. 

30 16 36 52 13. 

3 23 50 22 14, 

1 6 24 11 15. 

16. 1872. Dec. 31 14 3 20 



7- 
8. 

9- 
10. 

1872. 



Dec. 
June 
Aug. 
fcept. 
Dec. 







SUN'S DECLINATION, page 231 


I. 


22° 39' I 4 " S. 


2. i6°49'45*S. 


3. 4*20' 9 *N. 


5- 


'9 J 5 5 N. 


6. 14 47 22 N. 


7. 23 4 17 N. 


9- 


8 18 12 N. 


10. 3 24 25 S. 


11. 23 20 56 S. 


*3' 


20 21 38 S. 


14. 12 31 S. 


15. 18 31 N. 


*7- 


23 27 26 N. 


18. 14 22 N. 


19. 18 51 51 N. 


21. 


3 14 2 4 S. 


22. 23 27 20 S. 


23. 23 1 28, 




EQUATION OF TIME, page 235. 


1. 


+ 5 m 34-» 


2. 4" i4 m io s, 3 


3. + 6 m ii ,, 8 


5- 


— 3 43*5 


6. +0 1*4 


7- + 5 47'8 


9- 


— 6 7'i 


10. — 11 58*2 


11. +0 i»4 


*3- 


+ 3 5 2 '4 


14. + O IO'O 


15. + 15 113 


'7- 


— 0-7 

1 


18. — 16 i*4 


19. — 8*6 




TRUE ALTITUDES, page 237. 




1. 1 7 52' 42* 


2. 48 17' 14" 


3. 30 2 9* 




5. 58 48 28 


6. 24 56 49 


7. 65 13 4 




9- 27 51 38 


10. 67 22 16 


"• n 44 33 



Dec. 


27 d 23 h i9 tn 30 g 


July 


8 at noon. 


Jan. 


31 13 45 20 


May 


31 18 24 40 


Mar. 


2 5 40 



KO. 
I. 
2. 

3- 
4- 

J- 

6. 

7- 
8. 

9- 
10. 

11. 

12. 

'3- 

14. 

'5- 
16. 

'7- 
18. 

19. 

20. 
21. 
22. 

2 3- 
24. 



4. 2° 18' I A N. 

8. 14 36 54 8. 

12. 18 24 43 8. 

16. 17 16 6 N. 

20. o 5 11 8. 

24. 077 8. 



4. 


— o m i»'5 


8. 


+ 


15*3 


12. 


+ 


no 


16. 


+ ^ 


7'9 


20. 





o*o 


4- 


76M4' 


16* 


8. 


85 22 


51 


2. 


" 45 


28 



MERIDIAN ALTITUDES, page 243. 



GREEK. DATE. 

Jan. io 4 3 h i9 na 24» 
Jan. 31 21 20 36 
Mar. 718 o 48 
April 28 n 1 32 
May 1 21 51 48 
June 10 19 48 12 
July 20 10 26 32 

Aug. 19 53° ° 

Aug. 25 17 51 48 

Sep. 22 12 54 o 

Oct. 23 6 o 48 

Nov. 14 18 39 16 

Dec. 9 20 18 40 

Sept. 20 19 59 56 

Mar. 19 18 2 o 

April 7 9 19 o 

May 16 3 1 44 

Sept. 22 17 57 o 

Nov. 2 16 56 o 

Sept. 22 11 35 52 

Feb. 12 o 32 48 

Mar. 19 18 49 o 

Dec. 31 15 37 52 
Sept. 30 19 14 40 

000 



RED. DECL. 

2i°59 44*S. 

17 13 36 8. 

4 43 3 2 S. 

14 29 41 N. 

15 32 27 N. 
23 7 44 N. 
20 29 16 N. 

12 31 13 N. 

10 18 26 N. 

o 7 37 S. 

11 43 10 S. 

18 36 26 S. 

22 58 31 s. 
o 32 15 N. 
000 

7 1* 57 N. 

19 16 34 N. 
o 12 33 S. 

15 10 50 S. 
o 6 21 S. 

13 47 39 y - 

o o 46 N. 

23 ° 35 s - 
3 20 51 S. 



1 

'5 

1 

28 
9 



TRUE ALT. 

68°57' 22' 
72 58 6 

51 58 

8* 35 

45 57 

42 37 

52 7 

57 5° 46 

35 48 58 

4' 42 33 

54 5* l 9 
67 56 49 

26 4 46 

5 6 37 9 
61 58 10 

90 13 41 

86 50 41 

83 52 20 

70 42 48 

7i 34 38 
30 4 42 

77 7 26 

54 38 7 

81 37 15 



43° 2 
o 11 

33 18 

7 4 

59 35 



46 
12 
12 
11 



rapkr's 

latitude. true alt. latitude. 

68° 57' 19" 43" 2 25*8. 

72 58 3 o 11 39 8. 

51 57 5i 33 18 37 N. 

82 35 10 74 51 N. 

45 56 55 59 35 3* N. 

42 37 24 24 14 52 8. 

52 6 57 17 23 47 8. 
57 50 45 44 40 28 N. 
35 48 54 43 52 40 N. 
41 42 23 48 10 o N. 
54 5.1 13 23 25 37 N, 

67 56 40 3 2 * 54 N. 

26 4 36 40 56 53 N. 

56 37 5 3 2 5° 40 8. * 

61 58 1 28 1 59 N. 

90 13 40 6 59 17 N. 

86 50 34 16 7 8 N. 

83 5 2 '4 5 55 '3 N. 

70 42 44 34 28 6 8. 

71 34 32 18 19 9 N. 
30 4 36 46 7 45 N. 

77 7 2 3 I2 5' 51 S. 

54 38 6 12 21 19 N. 

81 37 11 11 43 40 8. 



22*8. 

42 8. 

27 N. 

56 N. 

26 N. 
24 14 48 8. 
17 23 35 8. 
44 40 27 N. 

43 5 2 36 N. 
48 9 50 N. 
23 25 31 N. 
3 26 45 N. 
40 56 43 N. 
32 50 36 S. 
28 1 50 N. 



6 59 

16 7 

5 55 
34 2 8 
18 19 



7 

5» 
21 

43 



16 N. 
15 N. 

7 N. 

2S. 

1 N. 

39 N. 
48 S. 
18 N. 
36 8. 



37 8 



Antwert. 











AMPLITUDES, ^<yd 252. 










UKEB* 


r. DATE. 




USD. DECL. 


TRUE AMP, KRKOE OF COMPASS 


DXV1ATI09 


I. 


Jan. 


26 d I9 h 47 m 8 1 


i8°35'2 7 "S. 


E. 23° 7' S. 


33° «' W. 


ii°i8' 


W. 


2. 


Fob. 


'7 4 


7 28 


12 2 21 S. 


W. 14 45 S. 


19 E. 


11 20 


E. 


3- 


March 


29 2 


20 20 


3 40 8 N. 


E. 4 4J N. 


26 34$ w. 


* 54l 


W. 


4- 


April 


4 '9 53 ° 


6 15 10 N. 


W. 6 40 N. 





6 40 


w. 


5- 


Nov. 


6 22 


5 8 


16 27 19 S. 


E, 18 39 J S. 


21 28 E. 


7 38 


E. 


6. 


May 


25 16 


44 


21 11 21 N. 


E. 35 23 N. 


43 49 W - 


8 29 


W. 


7- 


June 


2 9 


56 26 


22 19 42 N. 


W. 38 3 7i N. 


26 4 W. 


11 16 


E. 


8. 


July 


14 2 


'5 42 


21 35 42 N. 


E. 24 53 N. 


22 56 E. 


11 16 


E. 


9- 


Aug. 


*7 3 


18 44 


9 49 6 N. 


"W. 10 31J N. 


26 2 W. 


* 5* 


W. 


IO. 


Sept, 


7 21 


37 © 


5 3° 50 N. 


E. 6 3i N. 


6 3 JW. 


6 3* 


W. 


ii. 


Oct. 


1 5 


29 50 


3 3° 47 8. 


E. 4 47 8. 


13 '3 E. 


5 37 


W. 


12. 


Sept. 


22 6 


1 12 


•0 54 S. 


E. 2 S. 


2 47 W. 


12 47 


W. 


*3- 


Nov. 


2 21 


27 40 


15 14 22 s. 


W. 17 33 S. 


4 57 E. 


7 47 


E. 


14. 


Dec. 


3 21 


13 48 


22 19 39 S. 


W. 36 13 S. 


2 28 W. 


18 28 


W. 


»5- 


March 


19 18 


2 24 


OOO 





5 37* W. 


20 37i 


W. 


16. 


Sept. 


22 5 


4 24 


OOO 








21 50 


E. 


«7- 


June 


8 18 


41 24 


22 58 39 N. 


E. 22 58J N. 


17 21 W. 


* 54 


E. 


18. 


Feb. 


25 20 


40 28 


8 53 33 8. 


E. 19 i6£ S. 


48 13J w. 


12 28} 


W. 


19. 


April 


30 15 


43 40 


5 '9 58 N. 


W. 16 46J N. 


6 W. 


10 6 


W. 


20. 


May 


27 17 


32 12 


21 31 32 N. 


W. 33 1 N. 


21 46 E. 


1 3i' 


E. 


21. 


June 


18 1 


24 20 


23 26 8 N. 


E. 64 41 N. 


39 2 3 E - 


14 23 


E. 


22. 


March 


6 6 


5 20 


5 18 29 S. 


W. 6 13J 8. 
W. 13 52J N. 


23 5lW. 


5 15I 


W. 


*3- 


April 


9 18 


50 48 


8 6 18 N. 


22 19 E. 


6 9 


E. 


*4- 


Dec. 


13 11 


35 16 


23 14 23 S. 


E. 32 4 8. 


57 56 W. 


38 36 


W. 




TIDES 


, page 256. 




1. 


8 b 27» 


A.M. 




8 h 52 m P.M. 


12. ii h 58 m - 


I.M. 


No 


P.M. 


2. 


10 7 


!» 




i° 33 » 


13. No 


j» 


O h 20 m 


i» 


3- 


4 30 


» 




5 6„ 
No „ 


14. 2 56 


>» 


3 44 


»> 


4. 


™ 33 


}> 




15. Noon 




— — 




5- 


2 12 


» 




2 28 „ 


16. No 


j» 


1 


ti 


6. 


No 


>» 




; T 2 3 1, 


17. 24 


»i 


43 


» 


7. 


11 46 


» 




No „ 


18. 1 37 


if 


2 26 


» 


8. 


No 


)l 




02,, 


19. No 


»» 


1 


if 


9- 


No 


» 




12 „ 


20. No 


l) 


7 


u 


10. 


f ir 5 


»> 




" 54 „ 


21. No 


f» 


21 


» 


11. 


No 


»> 


TTD] 


10 „ 


22, 56 


259. 


1 15 


» 




B&_ FOREIGN POETS, page 






1. 


Constant — 


o h 17" corr., for 


long. + 9 m ; no 


A.M., O h 4 m P.M. 






2. 


Constant + 


3 18 corr., for 


long. — 29 na ; ii h 4 in 


i> II 42 ,1 


» 






3- 


Constant — 


1 47 corr., for 


long. — 8°° ; 10 44 


„ II IO „ 


> 






4- 


Constant — 


3 41 corr., for 


long. + i4 m ; 1 37 


>, 1 53 1 


1 






5- 


Constant + 


4 13 corr., for 


long. — 17™; 49 


*> I 37 »: 


> 






6. 


Constant -j- 


4 28 corr., for 


long. — 19™; 10 13 


» IO 33 » 








7. 


Constant + 


6 58 corr., for 


long. + 1 i m ; 441 


>i 5 H » 


► 






8. 


Constant — 


17 corr., for 


long. — 20™ ; 8 26 


» 8 55 ,, 


\ 






9- 


Constant + 


7 43 corr,, for 


long. + io m ; 1 1 27 


» " 47 #1 


1 






10. 


Constant — 
FE 


1 47 corr., for 


long. — i2 m ; 41 


„ 1 6 ., 
261. 








WING DATLY RATE, page 






1 


22 days 


3**8 gaining 


5. 31 days 


4 s * 2 tatty 








2 


. 18 


» 


3*0 losing 


6. 22 ,, 


i' 1 losing 








3 


• '7 


»i 


4*5 gaining 


7- 15 » 


6*4 fat*? 








4 


• J 5 


» ii*2 gaining 


8. 14 „ 


7-0 gaining 





jltmoen. 



379 









GEEENWIOH DATE, 


page 264. 








DAILY RATE. ACC. RATE, OREEX. DATS. 


DAILY RATE. ACC. 


RATE. 


ORES*. DATE. 


1. 


6»'8 {ofiiy 


2 «45»'5 Feb. 


16* 7 h 47"'47 i \5 7- 4 § ' 


3 oaining 7 B, 5 , 7 


Nov. 


8^i6»»26-59«*7 


2. 


7*1 gaining 


4 2*7 April 28 4 21 37 8. 8'7 


losing 6 


57 ;6 


Aug. 


1 < 55-4 
1 13 28 1*5 


3- 


y 22 losing 


3 46*2 May 


7 6 23 x 
25 20 50 3 


6 9. re 


losing 1 


32*8 


May 


4- 


2*2 gaining 


2 381 June 


10. O't 


I losing o 


Jan. 


20 4 50 


1: 


5'3 mxin 
4*o forifi 


rn? 


6 28-9 Oct. 


25 8 34 4; 


3 12. 2*6 


i losinp 4 


29*2 


Sept. 


27 16 39 18 


if 


5 22 Jan. 


19 12 33 2I 


gaining 2 


2-8 


April 16 5 33 40 


i 






HOUR-ANGLE, page 268. 








J. 


4 b 26 m 


34' 


2. 2 b 5o m 42 B 2 


4 h 50 m 20 s 


4- 4 h ^ 


m 5 6« 


5 


. 4* 8»45» 


6. 


2 33 ■ 


42 


7. 4 3 50-1 8 

0HE0N0ME 


• 4 2 9 5 6 


9- 3 39 

' 278 — 279 


20 

« 






TERS, pagei 




xo. 


RATE. 


GREEN. DATE, 


RED. DECL, TRUE ALT, 


EQ. TIME, HOVE- ANGLE, 


LONG. 


i. 


-gp-8 


Jan. 


I d i9 h 32"i3 ,, 6 


22° 58' 33 


"8. 49 19' 18" 


+ 4"2« 


2 h 58 B, 27* ) 


23*20' 15" E. 


i. 


+ 7*6 


Peb. 


18 19 45 57 


11 27 38 


8. 21 34 15 


+ 14 8 


4 45 


51 


4 25 "W. 


3- 


— 4-0 


Mar. 


27 23 2 5 5« 


3 *3 52 


N. 30 21 7 


+ 5 1 


3 43 


37 


65 41 30 E. 


4« 


+ 5"6 


April 


I 5 19 13 47 


637 11 


N. 16 17 12 


4- 2 22 


4 4*5 


25 


32 30 E. 


5- 


— 2-5 


Hay 


19 29 12'5 


19 54 38 


N. 30 41 2 


— 3 44 


3 43 


9 


47 33 7*5 E. 


6. 


+ 9'4 


Jane 


14 17 56 42 


23 20 23 


N. 39 50 48 


+ 11 


3 26 


31 


39 14 3o E. 


7- 


+ 4*7 


July 


5 o33 8 


22 44 5o 


N. 48 47 5 


+ 4 21 


3 


10 


52 14 30 "W. 


8. 


+ a-6 


Aug. 13 2 20 42 


14 »8 33 


N. 27 23 29 


+ 4 32 


3 


9 


79 4 45 ▼• 


9- 


+ 07 


Aug. 


31 19 12 18 


8 8 49 


N. 44 44 41 


— X4 


2 37 


16 


xii xi E. 


xo. 


+ 4*7 


Oct. 


25 8 35 42 


12 27 6 8. 40 31 1 


— 15 5*5 


2 30 


49 


95 12 15 W f 


11. 


-6-7 


Not. 


27 7 13 53 


21 19 X 


8. 34 50 6 


— it 55 


4 7 


5 


173 13 15 W. 


12. 


-9'3 


Dec. 


*3 18 37 335 


23 25 35 


8. xo 42 56 





5 3° 


16 


1 57 30 W. 


13- 


~6'9 


Jan. 


l 14 38' 


22 59 46 


8. 39 9 3i 


+ 3 55 


3 49 


33 


X51 47 30 W. 


14. 


+ 8-3 


Feb. 


xo 2x 33 26 


14 10 5 


8. 12 17 54 


+ 14 29*5 


3 


58 4 5 


4 58 45 W. 


15. 


— 25 


Oct. 


26 26 xo 


X2 40 36 


8. 25 xo 24 


— 16 


3 28 


X2 


62 35 3o W. 


16. 


— 5*4 


Feb. 


5 »3 59 40 


15 43 18 8. 21 21 7 


+ 14 19 


4 21 


49 


69 7 E. 


17- 


+ 3*3 


April 30 18 53 59 


15 12 21 


N. 28 18 45 


— 3 3 


4 20 


12 


140 47 15 E. 


18. 


+ x-6 


Apri 


L20 15 48 54 


« 57 34 


N. 31 59 22 


- 1 23 


3 48 


51 


179 5* 30 ▼. 


19. 


— 1*25 


Aug. 


21 8 22 2 


il 48 55 


N. 34 2 l 


+ 2 45 


3 4o 


30 


179 33 21 E, 


20, 


+ 0-3 


Mar. 


20 1 32 46 


7 17 


N". 29 x 4 


+ 7 26 


4 3 


56 


82 19 W, 


2x. 


— 8 ; o 


June 


13 22 6 12 23 18 14 

TRUE AZ 


N. 30 49 32 


+ X 

7 age 282. 


1 53 


44 


165 1 15 E. 


IIMUTHS, % 






I. S 


. 98°43'30 V E. 


4. 1 


S. 90° 32' 54* E 


7. 


S. 56" 4' 


0"W. 




2. s 


. 41 58 18 £. 


* J 


S. 60 9 36 W. 8. 


East 


• 






3. N 


- 75 58 4 W. 


6. ] 

AZIM1 


ST. 49 7 14 Vk 


9- 
288. 


N. 84 5 


2 w. 


CTTHS, page 




SO. 


GREEN, 


, DATE. 


BED. DECL. 


TRUE ALT. 


LOO*. TRUE AZIMUTH. 


CORRECTION'. 


DEVIATION. 


1. 


23*23 fc 46■7■ 


I9 17' 40" 8. 


38°34'32" 


19*732443 N. 


94°35'44"E. 


15°5°'44"E. 


H°14'44"E. 


2. 


28 9 43 4 


7 56 26 8. 


27 7 44 


19289433 s. 


52 22 16 W. 


9 46 16 E. 


x 43 44 "W. 


3- 


27 


34 " 


2 51 33 N. 


29 41 3 


1970503* 8. 


90 48 18 W. 


10 26 


42 W. 


6 56 42 "W. 


4- 


2 19 


8 


5 28 40 N. 


xx 50 42 


19*654x22 8. 


84 22 IO W. 


5 37 50 w - 


14 47 50 ▼. 


5. 


26 21 


932 


21 23 18 N. 


43 19 4i 


19*4207x4 8. 


61 45 56 E. 





56 w. 


15 44 4 E. 


6. 


20 6 


55 44 


23 27 28 N. 


1649 1 


19*808333 8. 106 38 26 "W. 


30 1 


34 W. 


7 1 34 W. 


7- 


3i * 


646 


18 7 41 N. 


43 35 48 


19*599598 8. 


78 u 54 E. 


2 51 54 W. 


5 58 6 E. 


8. 


23 2 


57 58 


it 12 47 N. 


7 43 28 


19757568 8. 


98 18 20 E. 


15 21 


40 E. 


10 8 20 "W. 


9- 


31 18 


33 * 


8 9 25 N. 


30 14 51 


I9'55 8 i29 N. 


73 55 14 W. 


7 38 


31 E. 


xx 8 31 E. 


10. 


25 7 30 28 


20 57 11 8. 


34 2 ai 


19*697632 N. 


89 49 26 W. 


238 


11 W. 


12 xx "W. 


11. 


16 22 


58 2 


23 23 42 8. 


50 13 


19712392 N. 


91 47 56 E. 


3 52 


4 W. 


5 5» 56 E. 


12. 


2 x6 x8 50 


22 57 31 N. 


M *9 37 


19-259818 N. 


50 29 24 E. 


11 30 36 W. 


5 29 24 E. 


*3- 


6 2 


49 3o 


22 32 8. 


26 46 54 


19733459 N. 


94 44 28 W. 


10 4 


28 W. 


23 10 32 E. 


14. 


25 l 


43 33 


13 25 16 N. 


18 52 56 


I9"4370i7 N. 


63 4 6 E. 


1 14 


6E. 


15 44 6 E. 


15. 


29 6 


53 47 


17 56 49 8. 


13 47 28 


19237697 8. 


49 8 6 W. 


31 41 54 w. 


xx xx 54 "W. 


16. 


1 2 


22 23 


17 xo 11 8. 


40 7 21 


19053024 N. 


84 14 18 W. 


13 24 


18 W. 


x6 15 42 E. 


17. 


26 


29 58 


2 28 N. 


32 50 38 


19-367425 8. 


57 43 44 E. 


12 53 44 W. 


13 6 16 E. 


18. 


25 15 40 ° 


8 58 26 8. 


60 48 32 


19-416939 8. 


61 28 6 W. 


2 


6E. 


9 12 54 W. 


19. 


21 7 


3 20 


23 27 23 N. 


X5 46 28 


19-841808 8. 


xi2 55 10 W. 


75 31 


5 W. 


7 41 5 "W. 


20. 


xo 20 


16 


4 *3 47 N. 


4« 38 43 


18-943200 N. 


34 27 36 E. 


xo 22 


24 W. 


1 57 36 E. 


21. 


24 14 32 


13 l6 X2 N. 


43 634 


19-786896 8. 


102 58 6 E. 


1 15 54 E. 


1 14 6f, 


22. 


29 20 15 


7 23 39 8- 


66 26 29 


18-173709 8. 


14 x 52 "W. 


16 50 37 E. 


16 50 37 E. 


' 23. 


31 21 25 30 


22 59 21 8. 


45 22 20 


19-890968 8. 


56 13 24 E. 


» 13 24 W. 


9 4^ 36 E. 



38o 



Anewere. 



KEDUOTION TO MERIDIAN, pages 298—299. 



NO. 

1; 
2. 

3. 
4- 

5- 
6. 

7- 
8. 

9- 
10. 

11. 

12. 

*3- 
14. 

'5- 
16. 

17. 
18. 

'9- 
20. 

21. 

22. 

*3- 



C/UEL.V. DATE. 



HO. 
I. 
2. 

3- 

4- 

5- 
6. 

7- 
8. 

9- 
10. 



Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

April 

July 

Mar. 

April 

Sept. 

Mar. 

Dec. 

Mar. 

Sept. 

Dec. 



4* 
28 

'9 
20 

2 9 

'9 
16 

29 

8 

10 

2 

22 

5 
28 

'3 

J 9 
12 

15 
*5 
3i 
4 
22 

33 



1 1 

1 

16 

23 

7 
o 

o 

«5 
12 

18 

17 
1 

8 

2 

9 
21 

10 
'4 

*9 

o 

*9 

7 
o 



>34»4o« 
4 49 



34 

17 
38 
4i 

2 

2 

47 
1 



18 
6 

27 

12 
19 

44 

43 

58 
29 



38 58 
58 28 

3 
*6 
28 
46 

2 9 

49 « 
40 46 

8 4 

4 4* 
48 31 



11 

59 
5* 

29 

20 



TIME XOON*. 
14m %• 

»4 45 
25 42 

18 30 

30 27 

15 8 
10 19 
20 24 

9 43 
28 10 

20 5 

9 '4 

*7 3* 

'3 37 
22 21 

1656 

10 19 

22 o 

4 19 
10 40 

20 4 

22 6 

»9 55 



BED. DECI 


#• 


22 c 


'45' 4i 


'8. 


8 


4 


23 


8. 


O 


1 


4 


s. 


12 


3 


52 


N. 


21 


46 


'4 


N. 


»3 


26 


58 


N. 


21 


17 


H 


N. 


8 


55 


57 


N. 


5 


'7 


1 


N. 


7 


10 


3« 


S. 


'5 


10 


55 


S. 


2 3 


26 


24 


8. 


22 


37 


12 


8. 


*4 


22 


40 


N. 


21 


4* 


6N. 





3 


*4 


N. 


9 


4 4i 


N. 


2 


34 


8N. 


1 


33 


5 


8. 


2 3 


3 


35 


8. 


5 5* 


22 


8. 





1 


56 


8. 


*3 


26 26 S. 



TttVE ALT 
'26' 

6 

57 
39 
33 



3*° 

38 

47 
6r 

30 



68 48 
67 52 



57 
85 
36 
72 

*S 
58 
56 

13 
70 

80 

44 
50 



34 
30 

44 

2 

*3 

40 
26 

3° 47 
36 17 



'9 

34 

'5 
o 

8 

28 

44 
6 

34 

4 
22 

36 

34 

4 
24 



4 
46 



'9 
12 

'4 54 4i 
50 © 56 
43 55 " 
23 52 44 



NAT. SO. 

1441 
I480 
4711 

2443 

65 H 

1427 

944 
2948 

883 

5**3 

3*4° 

5°4 
2668 

1619 

2558 
2580 
1 00 1 

33W 

140 
624 

3*75 
3H* 

5775 



LATITUDE. 



34°4* 
43 4* 



4i 

40 

37 

44 

o 

4i 
9 

45 
3» 

47 



8 47 
18 47 



7 "N. 

35 N. 
32 S. 

6N. 

36 S. 
24 51 N. 
41 24 8. 

2 52 N. 
28 N. 
50 N. 
59 S. 
38 S. 

43 N. 

6 8. 

27 S. 



39 

7 
14 



4 
4* 
3* 
58 



54 4* 

18 58 56 S. 

o 2 28 N. 



42 
38 
5' 
33 
45 
4* 



50 

59 
49 
5 l 
l 9 



298. 
25 N. 

31 fc. 
40 N. 

48. 

5N. 



BY TOWSON : 



wo. 
I. 

2. 

3- 

4- 

5- 
6. 

7- 
8. 

9- 
10. 

11. 

12. 

'3- 
14. 

15- 
16. 

17. 
18. 

19. 

20. 

21. 

22. 

*3- 



AUO, I. 



2' I9" 



+ o 57 

11 

2 19 
10 31 

2 44 

1 9 

± 3 6 
This hour 

3 10 

3 19 
1 1 

3 34 

1 27 

5 39 
o o 

This hour- 

-j- 042 

- - o 1 

-- 1 21 

-- 1 23 

-- O I 

T IO 31 



INDEX. 
21 
26 

68 

4i 

77 

»4 
11 

5° 
angle exceeds 

7« 

47 

9 

3* 
22 

53 
36 
angle exceeds 

57 

2 

12 

49 
57 
73 



DECLINATION. 

28° 24' 51* N. 
45 52 22 N. 
38 40 16 N. 
49 3 5 35 N. 



10 31 

57 5 1 
14 3° 



35 s- 

4N. 



%% 52 59 g- 
16 15 38 N. 
62 25 5 S. 



LATITUDE. 

43 1 8' 56* N. 

9 46 6 N. 

1 24 42 8. 
11 12 22 N. 
16 15 37 N. 

7 57 58. 

26 18 38 N. 

1 8 53 N. 

43 5* '3 8 - 
47 30 4 S. 



J 


Arc ir. 
- 3'"" 




LATITUDE. 

34°4*' 19' N. 




- 5 »3 




43 4* 43 N. 




- 24 11 




41 39 49 8. 




- 20 6 




40 7 


5 N. 


-- *s 38 




37 14 2 9 8 - 


+ l6 37 
+ 7 12 




44 24 37 N. 
41 41 8. 


+ 20 52 




4i 3 


s». 


the limits of the Table 


» 






+ '9 37 




45 4* 


38 N. 


+ 3856 
+ 5 15 




32 J* 


"g- 




47 58 


348. 


+ "3 33 




8 48 


7 N. 


+ 848 




18 47 


1 8. 


+ 3 18 
+ 27 26 




54 4* 


338. 




18 58 


23 8. 


the limits of the Table 


• 








- '5 *9 




42 50 37 8. 




- 38 




38 13 


30 N. 




- 50 




5' 59 


33 K. 




- 15 47 




33 49 


32 K. 




- 15 2I 




45 5* 


14 8. 




- 10 51 


42 19 
page 301. 


s8 N. 


TJDE 


>F STAR, 




NO. DECLIXATTOK, 


LATITFDE. 


11. 8* 7' 


27' 


'8. 


5 i« 3 6' 5'N. 


12. 44 50 


21 


N. 


25 2 27 8. 


13. 8 32 42 


N. 


20 41 42 S. 


14. 16 32 54 


S. 


47 37 45 8- 


15. 19 49 


26 N. 


30 6 48 N. 


16, 26 9 


34 


8. 


4 5» *5 S. 


17. 60 19 


*5 


8. 


19 48 3 N. 


18. 30 16 


34 


8. 


50 13 19 8. 


19. 14 32 


11 


N. 


42 11 22 8. 




*o- 55 5i 


4i 


N. 


28 4 ao N. 
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EXAMINATION PAPER— No. I, pages 304— 30J. 

1. Log. 5-861612 = nat. no. 727130. (The product by numbers == 727130.) 

2. Log. 2*698971 = nat. no. 500. (The quotient.) By Raper : log. 2*698970 = 500. 

3. True Course*.— S. 14 W., 15' dep. course; 8. 28° W., 45'; N. 76 W., 49'; 
N. 48° W., 38'; N 85 W., 31'; S. 22 W., 35'- 9 ; S. 54 W., 41'; *S. 42° W.,*8* current 
course. Diff. lat. tj''6 S.*, dep. i%j\ W. ; course S. 67 \f. ; dist, 199'. Lat. in 35 45' N. ; 
diff. long. 228' ; long, in 12 48' W. 

4. Green, date, Jan. i d 6 h 50 m 44'; rod. decl. 23 1' 13" 8. ; true alt. 6o° 12' 47" ; latitude 
6° 46' o' N.. 

By Raper: True alt. 6o° 12' 38'. latitude 6° 46' 9" N. 

5. Log. of diff. long. 2*048016 = diff. long, 11 1**7. 

6. Diff. lat. 2 1 9' 8. ; mer. diff. lat 292' ; did . long. 380' W. ; log. tang, of course io* 1 14401 ; 
course 8. 52 27' 38' W. ; log. of distance 2*555608 ; distance 359'*4- 

7. Standard, Brest constant + 4 h 2 m ; 6 h 47 m a.m., and 7 h 7" p.m. 

„ Portsmouth „ — 4 h 40 111 ; 6 h o m a.m., and 6 h 21 m p.m. 

8. Green, dale, January i d 5 b 23 m 24*; red. decl. 23 1' 31* 8.; log. sine true amp. 
9*789125. True amp. E. 37 58' 40* S. Error of compass 21 6' 10* E. Deviation 2 45' 50* W, 

9. Interval 31* ; rate 6 8 *3 gains. Interval 28 d 7 h ; ace. rate 2 m 58"*2 ; Green, dato Jan. 
*9 d 6 h 53 m 49»; red. decl. 17 56' 49* 8. ; true alt. 13 47' 28'; hour-angle 3 h 22" 9 g ; red. 
eq. time add 13™ 23 s * 2, mean time at ship 29* 3 h 35"* 32 s . Longitude 49 34' 15" W. 

Baper: True alt. 13 47' 12' : hour-angle 3 h 22** 9'. Longitude 49 34' 15'' W. 

10. Green, date, Jan. J5 d 6 h n m i2 § ; red. decl. 21° 8' 48" 8. ; true alt. 55 18' 24*; sum 
of logs. 19723998 ; true azimuth K. 93 24' 4" E. Error of compass 16 24' 4" E. Deviation 
8° 34' 4 " E. 

By Raper : True alt 55* 1 8' 22' ; sine sq. of azimuth 9723998 ; true azimuth N. 93 24' 4" E. 
Error of compass 16 24' 4" E. ; Deviation 8° 34' 4" E. 

11. Time from noon i6 m 47 1 ; Green, date, January i6 d 14* i8 m 55"; red. deol. ao°53'37*S.; 
true alt. 33 7' 1*; nat. number 2025, nat. 000. mer. zen. dist. 548375; mer. zen. disk 
56 44' 40* N. Latitude 35 51' 3" N. 

Method II.— Reduction + 8' 18'. Latitude 35 51' 7* N. 

Towson: Aug. I, 3' 5* j index 30; Aug. II, $' IO '« Latitude 35* 51' 7* N. 

12. Star's decl. $6° 15' 38' N. ; true alt. 52 30' 36". Latitude 53 45' 2* N. 

Baper : True alt. 52 30' 32". Latitude 53 45' 6" N. 

The Curve.— Correct magnetic bearing 8. 79 W. 

Deviations.— 15 W. ; o°; io°E.; i4°E.; i5°E.; 7°E.; io°W.; 21° W. 
Compass courses.— N. 47 W. ; N. 27$° E. ; 8. 79 E. ; 8. 8J° W. 
Magnetic courses.— N. 41^° W. • N. 73 E. ; 8. 7 E. ; 8. 67 W. 
Bearings, magnetic— N. 84 E. ; N, 14 W. 



EXAMINATION PAPER— No. H, pages 307—309. 
x. 7*602321 = 40024074. (The product.) 

2. 2*168747 = I 47'4%5- (The quotient.) 

3. True Courses.— N. 51 E., 18' dep. oourse ; 8. 73 E., 52' ; 8. 58* E., 43' ; N, 57 E., 
35'-6 ; N. 38 E., 27'; 8. 21 E., 24' ; 8. 40 E., 29' ; 8. 39 E., 12' ; current course. Diff, 
lat. 39'*9 S. ; dep, i8i'*5 E. ; course 8. 77J E., 186'. Lat. in 46 51' N. ; diff, long, (mid. lat.) 
267', or 4 27' E. Longitude in 48 6' W. 

4. Green, date, January 3 i d 1 8 h 47 na 4", or long, in time 5 h 1 2 m $6* ; red. decl. 17 15' 23' 8. ; 
true alt. 78 17' 52*. Latitude 5 33' 15' 8. 

By Baper: True alt. 78 17' 51*. Latitude 5 33' 14* 8. 

5. Log. of diff. long. 2*232899 = Diff. long. i7i'*o. 

6. Diff, lat. 2404' 8. ; mer. diff. lat. 3104' \ diff. long. 3692' W. ; tang, course 10*075340 ; 
course 8. 49° 56' 42* W. ; log. of distance 3*572370, distance 3736'. 
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7. Standard, Sunderland, constant + o h 58™ ; 3 h 46™ a.m., and 4 h 8 m p.m. 

„ Pembroke „ — o h io m ; 5 h 15™ a.m., and 5 h $% m p.m. 

„ Leith „ — 2 h 2i m ; 1 i b 47™ a.m., and no p.m. 

8. Green, date, February iq/ 1 i8 h io m 12*; red. decl. n° 7' 29" S. ; true amp. 
W. ii° 22' 30* 8. Error of compass 19° 33' 45* E. Deviation 9' 13' 45" E. 

9. Interval n d ; rate io s *8 losing. Interval 30* 9j h ; ace. rate 5 m 28" ; Green, date, Feb. 
9* 9»» jo m 41* ; red. deol. 14 39' 18* S. ; true alt. 9 14' 3* ; red. eq. iime add 14" 28"; 
hour-angle 3 b 37™ 20* 1 . Longitude 166 36' 45* E. 

Baper: True alt. 9 13' 52*; hour-angle 3 h 37™ 2i ,# 5. Longitude 166* 36' 30" E. 

10. Green, date, Feb. i6 d 5 h 29 m 51"; red. decl. 12 22' 15* S. ; true alt. 7 15' 55* ; sum 
of lege. 19*397026; true azimuth 8. 59 55' 50* E. Error 23 35* 50* W. Deviation 
i° 24' 10' E. 

11. Time from noon 28* 48" ; Green, date, Feb. 14* 19** 54* ; red. decl. 12 50' 57* 6. ; 
true alt. 46 31' 34" N. ; nat. no. 4302 ; nat. cos. 729991 ; zen. diet. 43 6' 52* 8. Latitude 

55° 57* 49* 8- 
Method II.— -Reduction + 21' 38*. Latitude 55 57' 51* 8. 

Towson : Aug. I, 6' o* ; index 76 ; Aug. II, 27' 28*. latitude 55 57' 55* 8. 

12. Star's decl. 5 32' 29* N. ; true alt. 77 14' 26*. Latitude i8 9 18' 3* N. 
Eaper: True alt. 77 14' 16'. Latitude 18 18' 13" N. 

The Curve. — Correct magnetic bearing 8. 39 E. 

Deviations.— 5 W. ; 19 E. ; 23 E. ; 13° E. ; 4 E. ; 8° W. ; 22* W. ; 24 W. 

Compass courses.— N. 43 E. ; N. 68° W. ; N.W. by W ; N. 83 E. 

Magnetic courses.— 8. 82 W ; N. 52 E. ; 8. 35 W. ; S.S.E. 

Bearings, magnetic.— 8. 80 J° W. ; 8. ij° E. 



EXAMINATION PAPER— No. HI, pages 309—310. 

*• 3'7*635°* = 53*5*44 (The product.) 

2. 1*875495 = 75*°75- (T ne quotient.) 

3. True Courses.— 8. 7c* E., 17' dep. course; 8. 37? W., 21' ; 8. 24 W., 20' ; N. 6%° W., 
24 ; N. 64° W., 26' ; 8. 77 E., 19' ; 8. 28 E., 18'; N. 54 E., 2 1' current course. Diff. lot. 
26- 1 8. ; dep. $'3 W. ; course 8. n° W. ; diet. 27'. Lat. in 6i° 34' N. ; dif. long. 11' W. 
Long, in 149 49' E. ^ 

4. Green, date, March i9 d i2 h 26 m 48 s , or long, in time 1 i h $$ m 12* ; red. decl. o* 5' 31* 8. ; 
true alt. 89 54' 38*. Latitude o° 10' 53" 8. 

Baper : True alt. 89 54' 32*. Latitude o° 10' 59" 8. 

5. Log. of diff. long. 2*679550*= Dif. long. 478"!. 

6. Biff. lat. 688' N. ; mer. diff. lat. 786' ; diff. long. 3625' W. ; course N. 77 45' 58* W. ; 
distance 3247'. 

7. Standard, Brest constant + 6 h 19™ ; Midnight and o h 19™ p.m. 

„ Brest „ + 6 h 4 m ; ao a.m. and o h 4" p.m, 

„ Portsmouth „ — 2 b 3i m ; n h 30™ a.m., and n h 50*" p.m. 
„ Harwich „ — » h 5i m ; n h 37 m a.m., and n h 57 m p.m. 

„ Thurso „ -+• 2 h 2 m ; o h 26" a.m., and o h 46" p.m. 

„ Liverpool „ — o* n 5i m ; o h 27™ a.m., and c*46 m i».M. 

8. Green, date, March 6 d i4 h 47 m 28"; red. decl. 5 10' 2* 8. ; true amp. W, 8° 27' 8. 
Correction 8° 25' 30" E. ; deviation i$° 34' 3°* W. 

9. Interval 4i d ; rate 5»*8 gaining ; interval 90* 23** ; aoc. rate 8 m 47 § -5 ; Green, date, 
March 30* 22* 53™ y ; red. decl. 4 23' 14' N. ; true alt. 29 19' 56* ; hour-angle 3 h 57" i& ; 
red. eq. time add 4 m 7* mean time ship March 30* 20* 6 m 41'. Longitude 41 36' 30* W/ 

Baper: True alt. 29 19' 45* ; hour-angle 3 h 57» 27«. Longitude 41 36' 45* W. 



\ 

\ 
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10. Green, date, March 9 d 9 h 43* 5 1 ; red. decl. 4 4' 54* 8. ; true alt. 18 6' 51* ; sum of 
logs. 19-602167 ; true azimuth N. 78 28' 28' E. Correction 7 $' 58* E. ; deviation 3 44' 2* W. 

ii. Time from noon io m 14* ; Green, date, March 24 d i8 h 13™ 34 s ; red. decl. i° 58' 24* N. ; 
true alt. 71 20' 43"; nat. no. 936; nat. cos. mer. zen. dlst' 948399 = i8°" 29' 11* N. 
latitude 20 27' 35" N. 

Mbthod II. \- io 7 23*. Latitude 20 27' 24* N. 

Towson : Aug. I, + o' 7"; index no. 13. Aug. II, + 10' 14*. Lat. 20° 27' 34* N. 

12. Aroturus' decl. 19 49' 24* N. ; true alt. 36 7' 27". Latitude 34^ 3' 9* S. 

Raper : True alt. 36 7' 22*. Latitude 34 3' 14* S. 

The Curve. — Correct magnetic bearing S. 70 E. 

Deviations.— 3 W. ; 20 E. ; 25* E. ; 23 E. ; 2 E. ; 24 W. ; 25* W. ; 18 W. 

Compass courses.— N. 3s E. ; 8. 82 W. ; N. 85J W. ; 8. 49* E. 

Magnetic courses.— S.E. by 8. ; N. 84J E. ; N. 86° W. ; N.W. by N. 

Bearings, magnetic— N. 87 J° W. ; N. 78J E. 



EXAMINATION PAPEE-No. IV, pages 310—312. 

I. 4-119863= 13178*4. (The product.) 

*• 3'5 I0 7 8 4 = 3*4* '7 8 nearly. (The quotient.) 

3. True Courses.— 8., 19' dep. course; 8. 59 W., 58'; N. n° W., 15'; 8. 28° E., 9'; 
S. 82 W., 50'; N. 72 E., 12'; 8. 58 W., 22'; 8. 62 W., 42', current course. Diff. lat. 
76'-8 8. ; dep. i42'*3 W. ; course 8. 62 W. ; diet. 162'. Lat. in 51° 29 8. ; diff. long. 225' W. 
Longitude in 183 25' W., or 176 35' E. 

4. Green, date, April i d 5 h $&* 48^ ; red. decl. 4* 53' 7" N. ; true alt. 48 55* 26*. Latu 
iude 45 57' 4i* N. 

Kaper : True alt. 48 55' il\ Latitude 45 57' 49" N. 

5. Log. of diff. long. 2*364667 = Biff. long. 231*6. 

6. Diff. lat. 325' N. ; mer. diff. lat. 552'; diff. long 325' W. ; tang, course 9*769944; 
course N. 30 29' 17* W. ; distance 377'*2. 

7. Standard, Brest, + * h 45 m > n0 AM - an< ^ ° h 8m PM « 

„ Hull, + ° h ,B1 » n0 A,M -» *&& ° b 4 m P - M - 

„ Thurso — i b 56™ ; no A.M., and c* 34 m p.m. 

„ Pembroke + o h 4™; 1 i h 33°* a.m., alid no p.m. 

„ Weston-super-mare + ° h 2tn J n <> *•*•> and o h 5 m p.m. 

„ Waterford -|-o h 44 m ; ii* fl 33 m A.M. po p.m. 

8. Green, date, April 27* 23** i8 ra 50 s ; red. decl. 14? 20' 32* N. ; true amplitude 
W. 18 24' 15* N. Error 15 20' 45" W. ; deviation 3 49' 15" E. 

9. Interval 12 days; rate 11**3 losing; interval 7 i d 22 h ; ace. rate 13™ 32* 6; Green, 
date, April i4 d 2i h 59 m 14 s ; red. decl. 9 57' 50' N. ; red. eq. time sub. o» 5*; true alt. 
26 37' 25* ; hour-angle 2 h 58 ra 19*'. Longitude 74 45" E. 

10. Green, date, April 17* 2 h 43* 11 25 s ; red. decl. io° 44' 20* N. ; true alt. 42 20* 39* ; 
sum of logs. 19*453401 true azimuth S. 64 24' 44* W. Error 25 35' 16* W. ; deviation 
5 ° 45' 16* W. 

II. Time from noon 28 01 38"; Green, date, April i8 d n h 38°° 34*; red. decl. n° i2*57*N. ; 
true alt 54 20' 16*; nat. no. 5288 ; nat. cos. mer. zen. dist. 817756 =: 35° 8' 17* N. Lati- 
tude 46 21' 13* N. 

Method II.— + 31' 40*. Latitude 46° 21' 4* N. 

Towson : Aug. I, + 5' io' ; index no. 76. Aug, II, + 36' 28*. Latitude 46 21' 23* N. 

12. Spica's decl. io° 31' 5* 8. Latitude 58 38' 15* N. 

Baper: True alt. 20° 50' 30". Latitude 58 38' 25" N. 
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The Curve. — Correct magnetic bearing S. i° E. 

Deviations.— 4° W. ; 7°W.; n°W.; i8°W.; 3°E.; 22 E. ; i5°E.; i° E. 

Compass courses.— N. 88° E. ; N. 59° W. ; S. 14° W. ; S. 19 E. 

Magnetic courses.— N. $& W. ; N. 87 J° W. ; East ; N.E. 

Bearings, magnetic. — N. 67° W. ; S. 84J W. 

EXAMINATION PAPER.— No. V, pages 312—314. 

1. 4*838071 = nat. no. 68876*5. 

2. 2 826661 = nat, no. 670*905. 

3. True Courses. -S. 65 E., 23' dep. course; S. 6° E., 56' ; 8. 14° W., 17' ; N. 8o° W., 
13'; E., 37'; S. 49 \V\, 10; N. 26' E., 17'; S. 40 "W., 21 ; N. 85' E., 48' current course. 
Diff. Lit. 8i'-8 S. f dep.*8i'*i E. ; course S. 44 E. f dist. 116'. lat. in 65° 25' 8., diff. long. 
190' E. Long, in 143 31' E. 

4. Green, date, May 8 d 7 h i m 8"; red. decl. 17 20' 20* N. ; true alt. 76 14' 11*. Lati- 
tafo3°34'3i*N. 

5. Log. of diff. long. 2*992876 = Biff. long. 983*7. 

6. Diff. lat. 732' S.; mer. diff. lat. 881'; diff. long. 1098' W.; log. tang. 10095626; 
course S. 51 15' 27* W. ; distance 1169*6. 

7. Standard, Greenock, constant — o* 56"-; u h 35 m a.m., and n h 52* p.m. 

„ Liverpool, „ — & 1™ ; n h 42 m a.m., and n h 59™ p.m. 

„ Sunderland, „ — i* 4™; 2 h 42*" a.m., and 2 h 58 m p.m. 

„ Brest, „ +2 h i8 nl .; 6 h 26 m a.m., and 6 h 42 m p.m. . 

„ Dover, „ — o h 27 m ; n h 9 m a.m., and n h 27™ p.m. 

8. Green, date, May 2o d i6 h 6 m 24«; red. decl. 20 15' 3* N. ; true amp. E. 29 49' N. 
Error of compass 12 22' E. deviation 19 28' W. 

9. Interval 37 d ; rate 4"-8 gaining ; interval 5o d 2i h ; ace. rate — 4™ 4 ,# 2 ; Green, date, 
May 2i d 2o h 59 ,n ai f ; red. decl. 20 29' 22* N.; red. eq. time sub. 3™ 33'*5; troo alt. 
32* 19' 31*; hour-angle 4 h i7 m 32»*5; mean time at ship May 2i d i9 h 38 m 54 8 . Longitude 
20 6' 45* W. 

10. Green, date, May 25* 9 h 53 m 51*; red. decl. 21 8' 27' N. ; true alt. 4o°54' 26*; logs. 
19-634762 ; true azimuth 8. 82 6' 4* W. or N. 97 53' 56* W, Error 2Q° 36' 4* E. ; deviation 
io° 6' 4* E. 

11. Time from noon 25™ 25'; Green, date io d 7 h 54 m 25*; red. decl. 17 52*21* N. ; true 
alt. 43° 39' 55* ; nat. no. 5152 ; m*r. zen. dist. 45 55' 31" 8. latitude 28 3' 10* 8. 

Mkthod II. \- 24' 35'. Latitude 28° 3' 15* 8. 

Towson: Aui?. I, + 6 16'; index 63. Aug. II, + 18' 17*. latitude 28 3' u* 8. 

12. Star'B decl. io° 31' 5* S. ; zen. dist. 19 53 44" 8. Latitude 30 24 49* S. 

The Curve.— Correct maunelic bearing N. 87 E. 

Deviations. -3 W.; 15 5 W. ; 23 W ; 22 a VV. ; 2 E. ; 24* E. ; 23°E.; 13 E. 
Compaas courses.— N. 45 J° E. ; S. 7 ij° W. ; 8. 49 E. ; 8. 39I W. 
Magnetic courses.— N. 20 J° W ; N. 46 J E. ; 8. 76 J° E. ; S. 6i° W. 
Bearings magnetic— 8. 8° E. ; 8. 85 W. 

EXAMINATION PAPER.— No. VI, page* 314—315. 

1. 0*622110 = nat. no. 4*189. (The product). 

2. 4*021468 = nat. no. 10506*77. (The quotient). 

3. True Courses.— 8. 73 E. f 22'*5 dep. course; S. 75 E., 17'; 8. 33 E., 22'; 8. i°W., 
24'; 8. 6i° E., 25'; N. 69 \V., 18'; 8. 43 W., 17' ; N. n° E., 16' current course. Diff. 
lat. 55'* 8 8., dep. 46'* 1 E.; course 8. 39 J' E., diBt. 7 2 J'. Lat. in $5* 16' N.; diff. long. 
(Mercator) 82'*9 E., long, in 134 17' W. Diff. long, (by mid. lat.) 82' E., long, in 134 18' W. 

4. Green, date, Muy 31* 17k 34™ 52*; red. decl. 22 6' 44* N. ; true alt. 75 49' 26*; 
latitude 7 56' 9* N. 

5. Log. of diff. long. 2*487692 = Diff. long. 307 ''4. 
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6. Diff. lat. 2 1 8 1 ' S. ; mer . diff. lat. 2301'; diff. long. 3038' W. ; tangent course 1 o* z 2067 1 ; 
course S. 5a" 1 . 51' 34* W. ; distance 36i2'*3 % 

7. Standard, Dover, + 4 h 33™ ; 3 h 28 m a.m., 3 h 49™ p.m. 

,, Harwich — o h 33 ns ; i'i h 43™ a.m., no p.m. 

„ Brest, — o h 47 m ; corr. for long. + 7 ra ; 3 h 9™ a.m., 3 h 28 m p.m. 

8. Green, date, June 2i d 13** 34™ 48 1 ; red. decl. 23 27' 19* N. ; sine of true amp. 9*898987 ; 
true amp. 52 25' N. Error 46 1' W. ; deviation 6° 29' E. 

9. Interval 29* ; daily rate 8"*3 ; interval 44* 22 h ; ace. rate 6 nl 13 s ; Green, date June 
13 d 2 i h 45 m i2«; red. decl. 23 18' 12* N. ; true alt. 28 49' 40" ; red. eq. time o m i f additive; 
hour-angle 3 h 49 m 6" ; mean time ship June 13 d 27 11 49*° 7*. longitude 90 58' 45* E. 

10. Green, date, June 7 d 22 h o ra 12 8 ; red. decl. 22 54' 18* N. : true alt. 31 18' 54*; 
logs. 19-813501 ; true azimuth S. 107 ° 33' 48" E. Error 2 26' 12* E. ; deviation 17 6' 12" E. 

1 j . Time from noon 37 111 26" ; Green, date, June 4 d 14 11 i6 m 2" ; red. decl. 22° 34' 51* N. ; 
true alt 50 3' 22* ; nat. no. 5776 : mer. zen. dist. 39 25' 32'' N. Lat. 62 o' 23'' N. 

Method II.+ 31' 18". Latitude 62 o' 25" N. 

Towson : Beyond the limits of the Table. 

12. Star's decl. 28 19' 34* N. ; true alt. 48 33' 45'. Latitude 13 6' 41' S. 

The Curve.— Correct magnetic bearing S. 79 W. 

Deviations 12 W.; o; i7°E.; 2i°E.; i2°E. ; 4 E. ; i8°W.; 24 W. 

Compass courses.— N.W. by N. ; 8. 70 W. ; N. 27 J° E. ; S. 1 J° E. 

Magnetic courses.—N.W. by W. ; S. 6i° W. ; S. 17 W. ; S. 40 J° E. 
Correct magnetic bearing. — N. u° E. ; N. 87 J° W. 



EXAMINATION PAPER.— No. YH, pages 315—317. 

1. 4*141829 =: 13862*1. 

2. 2-537818 = 345*0. 

3. True Courses. -S. i4°W., 17'; S.68°E.,22'; S.57°E.,7'; N.53°W.,6'; B.54°W., 
26'; 8. 6i°E., 17'; S. 25°W.,27'; S. 42 E M 15'; S. 26* E., 18'; N. 62° W., 9' current 
course. Diff. lat. 96'*o S"., dep. 9^9 E. ; course S. 6° E., dist. 96J'. Lat. in 49 49' N., diff. 
long. 16' E. Long, in 9 13' W. 

4. Green, date, July 26 d o h 49™ 16*; red. decl. 19 19' o' N. ; true alt. 15 46' 12'. 
Latitude 54 54' 48" S. 

5. Log. of diff. long. 2*633861 = Biff. long. 430*4 nearly. 

6. Diff. lat. 745' S. ; mer. diff. lat. 1042'; diff. long. 1292' W. ; log. tang. 10*093395; 
course S. 51 6' 50" W. ; distance 11 86'* 7: 

7. Standard, Brest, constant — o h 2 m ; 8 h 9 m a.m., 8 h 34 B1 p.m. 

„ Brest, „ — o h 45 m ; 7 h 26™ a.m., 7 h 5i m P.M. 
„ Brest, ' „ — o h 5 m ; 8 h 6 m a.m., 8 h 31™ p.m. 
„ Brest, „ — o h 29™ ; 7 h 42™ a.m., 8 h 7 m p.m. 
„ Brest, „ + 3 h 3 m ; n h 14™ a.m., n h 39 111 p.m. 

8. Green, date, July i2 d 6 h 36'" 32 s ; red. decl. 21 52' 5' N.; true amp. W. 25 13' N. 
Correction 5 32' E. ; deviation 16 52' E. 

9. Interval 8 d ; rate 5* -55 losing; interval 32 d 22 h ; ace. rate + 3 m a, "7 » Green, date 
July i6 d 2i h 58 m 19*; red. decl. 21 7' 57* N. ; true alt. 13 31' 23*; red. eq. time 
5™ 52* additive; hour-angle 3 h 51™ 38 s ; mean timo ship i6 d 27 b 57™ 30". Longitude 
89 47' 45* E. 

10. Green, date, July 4 d i h 53 ra 22*; red. decl. 22 50' 12" N. ; true alt 12 21' 31*5 sum 
of logs. 19-207424 ; true azimuth N. 47° 20' 50" E. Error 28° 4' 50' E. ; deviation io 3 44'5o"E. 

11. Time from noon 25™ 20* ; Green, date July 30 d i8 h 52'° 32" ; red. decl. 18° n' 31* N.; 
true alt. 26° 24' 19* ; nat. no. 4094; mer. zen. dist. 63 19' 57* S. Latitude 45® 8' 26' S. 

Method II. + *5' 45*- Latitude 45 8' 32 S. 

Towson : Aug. I, + 6' 17* ; index 63. Aug. II, + 9' 27". Latitude 45° 8' 26" S. 

12. Star's decl. 26 9' 34* S. ; true alt 70 5' 46*. Latitude 46° 3' 48* S. 

DDP 
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The Curve.— Correct magnetic bearing N. 89 W. 

Deviations.— i°E.; 19 E. ; 2i°E.; 9 E. ; 4 W. ; u°W.; i9°W.; 16 W. 

Compass courses.— N. 51° E. ; S. 81 4° E. ; 8. s;J° \V. ; North. 

Magnetic courses.— 8. 70 W. ; N. 6° E. ; N. 8c \° E. ; S. 33 J E. 

Bearings magnetic. — N. 75° E. ; N. 66 J E. 



EXAMINATION PAPER— No. VIH, pages 317— 318— 319. 

1. 5*889986 = 776221*4. 

2. 2-676541 = 474*33- 

3. True Courses.— N. 59 E., 15' dep. course ; S. 20 E. t 26' ; N. 61* W., 27' ; N. 70 W. f 
22'; 8.24 9 E.,2s'; 8.29°E.,22'; N. 88* W., 43' ; 8. 19° W„ 18' current course. Diff. lat. 
53'*6 8 ; dep. $o'-$ \V. ; course S. 43J W. ; dint. 73^. Latitude in o° 44' S. ; diff. Umg % 50^' 
W. Longitude in 172* 50^' E. 

4. Green, date, Aug. n d I7 b 51™ i2»; red. duel. 14 53' 15* N. ; true alt. 42° 50' 18*. 
Latitude 32 16' 27" 8. ' 

5. Log. of diff. long. 2*805956 = Diff. long. 6^'T. 

6. Diff. lat. 421' N. ; mer. diff. lat. 590';' diff. long. 249' E. ; course N. 22 52' 53* K., 
distance 457' neaily. 

7. Standard, Brest — i b i7 m ; no a.m. and o h 5 m p.M. 

„ Brest. — 2 2 ; ii h 20* 1, A.M. and 11 50 p.m. 

,, Leith + o 5 ; 1 1 56 am. and no p.m. 

8. Green, date, Aug. 2o d n h io m 24 s ; red. decl. 12 6' 38'' N. ; true amp. W. 16 25** N. 
Correction 27 40' E. ; deviation 8° 25' E. 

9. Interval 7 d ; daily rate 6**"6 toeing ; interval i6 d 2oJ h ; ace. rate + i m 5 1" ; Green, date, 
Aug. 6 d 20 h 32 1 ** 37»; red. decl. 16 18*58* N. ; true alt 24 17' i v ; red. eq. time 5 m 29* 
additive; hour-angle 4 h 25™ 44*; mean time ship 6 d i8 h 31™ 13*. Longitude 119° 39' E. 

10. Green, date, Aug*. 19* 1 20 b 37™ 41*; red. decl. 12 18' 45" N. ; true alt. 17 36' 21*; 
sum of lugs. 19-0601 15; true azimuth N. 39 37' 6'' W. Error 3 3' 21* \V. ; deviation 
3*° 53' 21* W. 

Raper: True alt. 17 36' 15*; sine sq. logs. 9*060205 = N/39 5 37' 22* W. Error 
3° 3' 37" W. ; deviation 36 53' 37* W. 

11. Time from noon 35 m 15* ; Green, date, August io d 1 2 h 55*" 5"; red. decl. 15 14*58* N. ; 
true alt. 34 48' 15*; nat. no. 8845'; mer. z«n. di.it. 54 34' 36 8. Latitude 39 19' 38" S. 

Mbthod II. — Reduction -\- 37' 26". Latitude 39 19' 26" 8. 

Towson: Aug. I, -+■ 10' 26"; index 90; Aug. II, + 26' 35*. Latitude 39° 19' 46*8. 

12. Star's decl. 8° 32' 38" N. ; true alt. 66° 48' 17*. Latitude 14 39* 5* 8. (Norie). 

„ „ . „ 66 48 13 „ 14 39 9 8. {Raper). 

The Curve.—Correct magnetic bearing 8. 8° E. 

Deviations.— 4 E. ; 2* E. ; 14° W. ; 17° W. ; 4 W. ; 9 E. ; 12 E. ; 8° E. 
Compass courses.— N. 85}° E. ; 8. 51 j° W. ; N. 38 W. ; 8. 50 E. 
Magnetic courses.— N. 32 W. ; 8. 85 W. ; N. i° W. ; N. 86$° W. 
Bearings, magnetic— 8. 12 E. ; 8. 23J E. 



EXAMINATION PAPER— No. IX, pages 319—320. 

1. 7-888411 = '007734. (The product.) 

2. 6 854294= -00071498. (The quotient.) 

3. True Courses.— 8. 89 E., 20' dep. course ; 8. 66° E , 4i'-2 ; 8. 56 E., 49-8 ; 8. 83 E., 
42'-6; 8. 66° E., 32V. 8. 49 E., 26*7; 8. 50 E.. 36*1 ; N. 85 E., 32' current course. 
Diff. lat. ioi'*4 8. ; dep. i25'* 4 E. ; course S. 68° E. ; diet. 271'. Latitude in 52 26* N. ; diff. 
long. 420' E. Longitude in 6° 55' E. 

4- Green, date, 8ept. 22 d 8* i5»; red. decl. o° 3' 5* 8. : true alt. 90° 1' 49'. Latitude 
o° 1' 16* 8. 
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5. Log. of diff. long. 2*574252 rr dif. long, 375 #, 2. 

6. Diff. lat. 3607' S. ; mer. diff. lat. 3798' ; diff. long. 4007' E. ; tang. 10*023264; course 
8. 46° 32' £. ; distance 5243'. 

7. Standard, Brest + 2 h 59 m ; 3 h 'i7 m A.M. and 3 b 36'»p.M. 

„ Brest 4* 4 ! 3 i c°rr. for long. — i4 m ; 4 17 a.m. and 4 56 p.m. 
„ Brest + 3.47 ; „ — n ; 3 54 a. m. and 4 33 p.m. 

8. Green, date, September 30* 6 h 33 m 40 9 ; red. decl. 3 8' 32* S. ; true amp. W. 5' io"S. 
Error 41' 44' W. Deviation n° 16 W. 

9. Interval 15*; rate 2 g, 6 gains ; interval I9 d 15 | h ; ace. rate — o m 5i 8 ; Green, date, 
August 3i d i$ h 35 m 8*; red. decl. 8° 12' 7" N.; red eq. time o m ii« subtractive ; true alt. 
62 25' 7"; hour-angle i h 5i m 34*; mean time at ship, August 31* 25 h 5i m 23 1 , Longitude 
154- 3' 45* E. 

10. Green, date, September i6 d i b 29™ 54 1 ; red. decl. 2 23' 23* N. ; true alt. 29°4i*59*; 
sum of logs. 19*700958 ; true azimuth S. 90 15' 48* E. Error 3 35' 48* W. Deviation 
n° 55' 48* W. 

11. Time from noon 16 n 41 s ; Green, date, September 22 d i2 h 27 m 55*; red. decl. 
c* 7' 11* 8.; true alt. 62 9' 19"; nat. no. 2348; mer. zen. dist. 27 33' 19" S. Latitude 
27 40' 30* S. 

Method II. +17' 32*. Latitude 27 40' 27* S. 

Towson : Aug. I, + 1*, index 35 ; Aug. If, 4- *7' 2 9"» Latitude 27 40' 23* 8. 

12. Star's decl. 19 49' 38' N. ; true alt. 86° 31' 18". Latitude 16 20' 56" N. 

The Curve.— Correct magnetic bearing S. 88° W. 

Deviations.— 2 E. ; 20 E ; 22 E. ; 9 E. ; 4 W. ; 12 W. ; 20 W. ; 17 W. 

Compass courses.— West; N. 2 E. ; N. 59 J° E. ; 8. 6iJ° E. 

Magnetic courses.— ^. *° E. ; S. 17 W. ; S. 57$° E. ; N. 72 E. 

Bearings, magnetic— 8. 84J E. ; N. 76$° W. 



EXAMINATION PAPER— No. X, pages 320—321—322. 

1. 7 '44721 3 := 28003548. (The product.) 

2. 1*936010 -= 86*30. (The quotient.) 

3. True Courses.— 8. 75 E., 36' dep. course; S. 8° E., 43' ; S. 15 W., 19'; N. 69 E., 
50'; N. 77»E., 21'; S. 5 E., 3'; S. 3 8> W., 3'; S. 51 E., 22'; N. 88° E., 48' current 
course. Dif. lat. 6$'i 8. ; dep. i66'*7 B. ; course S. 69J E. ; dist. 179'. Lat. in 58 44 N. ; 
dif. long. 326J' E. Long, in 38 27$' W. 

4. Green, date, Oct. 20 d io h i m 40"; ied. decl. io°43' 13* S. ; true alt. 50° 11' 14". Lat. 
50* 31' 58" 8. 

Raper : True alt. 50° 11' 9". Latitude 50* 32' 3" S. 

5. Log. of diff. long. 2*oi;277 •= Dif: long. 104*5. 

6. Diff lat. 140' N. ; mer. diff. lat. 142'; diff. long. 214' E. ; tang, course 10*178126; 
course N. 56* 26' E. ; distance 253'*2. 

7. Standard, Brest — i h i7 m ; corr. for long. — n m ; io h 5i™A.M. and n h 23 in p.M. 

„ Devenport — o 46 ; no a.m. and o 38 p.m. 

„ Sunderland + o 49 ; no a.m. and o 31 p.m. 

8. Green, date, Oct. 8 d n h 13*° 48"; red. decl. 6° 17' 52* S.; true amp. E. 6° 39' 8" 8. 
Error 9 28' E. Deviation n° 18' E. 

9. Interval 7 d ; rate 2«*4 losing ; interval 2 2 d i2 h ; ace. rate o m 54" ; Green, date, Oct. 
30 d i2 b o m 22«; red. decl. 14 9' 57* S. ; true alt. 28' 42' 59* ; hour-angle 2 h 45 m 6" ; red. eq. 
time i6 m 17" suit. ; mean time at ship, Oct. 30 d 2 h 28 m 49 s . Longitude 142 53' 15* W. 

10. Green, date, Sept 30 d i8 h 43"* 48" ; red. decl. 3 20' 31" S. ; true alt. 14 7' 3*; sum 
of log. 19*692568 ; true azimuth N. 89° 9' 42' W. Correction 4 47' 12* W. Deviation 
ia° 27' 12* W. 

xi. Time from noon i7 m 8" ; Green, date Oct. a d i h i7 m 8» ; red. decl. 3 49' 58* S. ; true 
alt. 47° 39' 40*; nat. no. 2190; mer. zen. dist. 42 9' 9" N. Latitude 38* 19' 11* N. 
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Method II.— Bed. + u' 15*; lat. 38 19' 7- N (Norie).; 38° 19' 16' N. (Raper). 

Towson: Aug. I, + 38% index 36; Aug. H, + 10' 28*. Latitude 38 19' i6 v N. 

12. Star's decl. 14 32' 42* N. ; true alt 54 6' 7 ". Latitude 50° 26' 35* N. 

The Curve.— Correct magnetic bearing 8. 38' TV. 

Deviations.— 1° E. ; 17° W. ; 22 W. ; 19 W. ; 3 W. ; 18° E. ; 24 E. ; 19° E. 

CompaBs courses.— 8.S.E. } E. ; E. by N. f N. ; S. 9 W. ; 8. -72* E. 

Magnetic courses.— S. 45$° E. ; S. io° W. ; N. 49 E. ; North. 

Bearings, magnetic— N. 85 J° W. ; N. 89 W. 



EXAMINATION PAPER— No. XI, pages 322—323—324. 

1 . 2 * 645548 = 442 * 1 2 8 . (The product. ) 

2. 1*999489 = 99*88. (The quotient.) 

3. True Courses.— 8. 42 W., 16' dep. course; N. 14 E., 17' ; 8. 45 E., 19'; S. 87 W. f 
31'; 8. 63 E., 17'; S. 5' E., 19'; 8. 56 W., 25'; 8. 88° E., 22'; current course. Dif. lot. 
5i'-8 S. ; dep. 6'* 1 W. ; course S. 7° W. ; diet. 52'. Lat. in 51 8' N. ; dif. long. 10'. Longi- 
tude in 1 1 9 50' E. 

. 4. Green, date, Nov. 14* i8 h 39™ i6 a ; red. decl. 18" 36' 25* 8.; true alt. 67*57*49'. 
Latitude 40 38' 36" 8. 

5. Log. of diff. long. 2*294311 =zDiff. long. 196*9. 

6. Diff. lat. 1928' N. ; mer. diff. lat. 2383' ; diff. long. 4290' E. ; tangent course 10*255333 ; 
course N. 6o° 57' E. ; distance 3971'. 

7. Standard, Brest + 7 h 53 m ; corr. for long. — io™ ; io h o m a.m., ic* ai m p.m. 

„ Dover +0 39; 10 16 a.m., 10 40 p.m. 

„ Devon port -f- 017; 429 a.m., 4 52 p.m. 

8. Green, date, November 9 d i2 h 20™ 44* ; red. decl. 17 12' i*S. ; true amp. E. 34 9' S* 
Correction 41° 47' W. Deviation 58° 17' W. 

9. Interval i2 d ; rate 1**2 losing; Interval 36 d 3 h ; aco. rate 43**2; Green, date, Nov. 
30 d 2 h +% m 52 1 ; red. decl. a-i* 47' 1 1" 8. ; red. eq. time io m 54 s subtractive ; true alt. 39 47' 8* ; 
hour-angle 3 h 42™ ai»; mean time ship Nov. 29 d 2o h 6 m 45 1 . Longitude ioo° 31' 45* W. 

10. Green, date, Nov. 15** io h 46* 27'; red. decl. 18 46' 44" true. alt. 43 $$' 7*; sum of 
logs. 19*516742 true azimuth N. 69 57' 34* W., or S. 1 io° 2' 26* 8. Correction 1 1° 32' 26* E. 
Deviation 19 22' 26" E. 

1 1 . Time from noon 39 m 26 1 ; Green, date, November 1 3 d a h 36** 2* ; red. decl. 1 8° 1 o* 35* S. ; 
true alt. 56 n' 50'' ; nat. no. 8855 ; mer. zen. dist. 32 52' 45* 8. Latitude 51 3' 20* 8/ 

Towson : Hour-angle exceeds limits of Table. 

12. Star's decl. 30 16' 35* 8. ; true alt 59* 36' 2*. Latitude 60* 40' 33* 8. 
The Curve.— Correct magnetic bearing 8. 89 W. 

Deviations.— i°E.; io°E.; 2i°E.; 9°E.; 3'W.; ii°W.; 19 W.; 16 W. 
Compass courses.— N. 85 W. ; N. 45J W. ; N. 86° E ; South, 
Magnetic courses.— 8. 77° W. ; N. 58 W. ; 8. 49° E. ; N. 56 E. 
Bearings, magnetic— 8. 76 W. ; 8. $6° E. 



EXAMINATION PAPER— No. XE, pages 324—325. 

t. 3*364038 = '00231227. 

2. n683i7 = H'7339- 

3. True Courses,— 8. 45 "W., 16' dep. course; N. 73 E., 15' ; 8. 49 W., 13' ; S. 43°E., 
15* ; N. 47 W., 24' ; N. 8o° E., 22' ; 8. 53 W., 12' ; 8. 14° E., 6' current course. Dif. lot. 
25'*8 8. ; dep. 8'*2 W* ; course 8. 18 W. ; dist, 27'. Lat. in 49 34' N. ; dif. long. 13' W. Lmg. 
U140 13' W. 
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4. Green, date, Deo. 31* 8 h 15™ ; red. decl. 23 2 6* 8. ; true alt. 67 20' 49". Latitude 
o° 22' $5" 8. 

Raper : True alt. 67* 20' 46* Latitude o° 22' 51* S. 

5. Log. of diff. long. 2*346353 = Dif. long. 222'. 

6. Diff. lat. 4766' 8. ; mer. diff. lat. 5205' ; diff. long. 3735' W. ; tangent course 9-855870; 
course 8. 35 39' 45' W. ; distance 5866'. 

7. Standard, Brest, constant + 6 h i3 m ; oorr. for long. 14" ; 9 h 58 01 a.m., io h 17™ p.m. 

„ Queenstown, constant — i h 19™ ; 3 h 56™ a.m., 4 h i$ m p.m. 

„ Galway, + o h 7 m ; 4 h 56 m a.m., 5 h 15" p.m. 

8. Green, date, Dec. 28* 4 h io m 49*; red. decl. 23 15' 10* S. ; true amp. E. 35 12 J' S. 
Correction 9° 53 J' E. ; deviation 5 36J' W. 

9. Interval i2 d ; rate 5^ 7 losing; interval 42 d 8 h ; ace. rate 4™ o"*5. Green, date, Dec. 
24 d 8 h i8 m 54«; red. decl. 23 24' 46* 8.; red. eq. time additive o» 17"; true alt. 40 54' 8*; 
hour-angle 3 h 41™ 17*. Longitude 179° 58' 30" W. 

10. Green, date, Dec. 27* 4 h 40™ io g ; red. decl. 23 18' 17* 8. ; true alt. 20 27' 7*; sum 
of logs. 19*362795 ; (rue azimuth 8. 57 23' 36* E. Correction 12 55' 9* E. ; deviation 5=* 35*9* E. 

Raper: True alt. 20 26' 54* ; log. sin. sq. 9*362825 = 8. 57 23' 44" E. ; error 12 55' 1* 
E. ; deviation 5 35' i* E. 

11. Time from noon 30*° 40 s ; Green, date, Dec. 4 d i h 3o m ; red. decl. 22 21' 2" 8. ; true 
alt 6o° i 18"; nat. no. 5101 ; zen. dist. 29 17' n* 8. Latitude 51° 38' 13' 8. 

Method II. y 35' 33" ; latitude 51 38' 14* 8. 

Towson : Exceeds limits of Table. 

12. Star's decl. 5 32' 24* N. ; true alt. 52 45' 55*. Latitude 31 41' 41* 8. 

The Curve. —Correct magnetio bearing 8. 2 E. 

Deviations.— 4 W. ; 6°W.; 12 W. ; i8°W.; 3 °E.; 22°E.; i4°E.; i° E. 

Compass courses. — East; 8. 50 E. ; 8. 40 W. ; N. 4 W. 

Magnetic courses.— 8. 33 E. ; N. 88 J° W. ; 8. 30 W. ; 8.E. by E. 

Bearings, magnetic— N. 86 J° W. ; N. 2 W. 



EXAMINATION PAPER— No. XIII, pages 325—326—327. 

1. 1 '302556 = 20*0704. (The product). 

2. 0*060635=1*14983. (The quotient). 

3. True Courses.— 8. 14 W. 23' dep. course ; 8. 23° W., 5o'*6; N. 87 W., 45'*4; 8. 440 E., 
ai'*7 ; N. 78 W., i7'-8 ; N. 14 W., 44'*i ; 8. 3* E., i2 % 4; West 52' current course. Diff. 
lat. 48'*o 8., dep. i35'*o W. ; course 8. 70 W., dist. 143'. Lat. in 6i° 30' 8., dif. long. 
287' W. Long, in 7 8° 30' E. 

4. Green, date, Aug. 10* 17^ 51* i2»; red. decl. 15 11' 16* N. ; true altitude 420 50' 17*. 
Latitude 31 58' 27'' 8. 

5. Log. of diff. long. 2*663420 = Dif. long. 460*7. 

6. Diff. lat. 1890' 8. ; mer. diff. lat. 2392' ; diff. long. I774'"43 W. ; course 8. 36 34' W. ; 
distance 2353'. 

7. Standard, Brest — i h 47* ; corr. for long. — 9 m ; $ h 30» a.m., and $ h 5 am p *« 

„ Brest — 07: 7 19 a.m., and 7 41 p.m. 

„ Brest + 2 38 : 10 4 a.m., and 10 26 p.m. 

8. Green, date, Oct. a8 d 4 h 14™ 48': red. decl. 13 23' 56* 8, : true amp. E. 20 59' S. 
Correction, 31 39' E. : deviation 7° 49' E. 

9. Interval i5 d : rate 11**2 gaining; interval i6 d 2i| h : ace. rate 3 B 9". Green* date, 
April i7 d 2i h 2i m $4*: r«d. decl. n° o' 35' N. : true alt. 38* 22' 36*: red. eq. time &* 47" 
Bubtraetive; hour-angle 2 h 4i m 23 1 . Longitude i° 1' o" W. 

10. Green, date, March 8 d i6 h 22 m 6* : red. decl. 4 21' 52'' 8. : true alt. 28° 33' 55'' : sum 
of logs. 19*594457 : true azimuth N. 77° $9 E» CkwevHm 22° 1' W. : deviation 4" 51' W. 



jg6 Answers. 



1 1. Time from noon i$ m 52": Green, date, July i8 d 2 h io m 8" : red. decl. 18 50* 39* N.: 
true alt. 69 22' 19*: mer. zen, dist. 19 51' 7* N. Latitude 38 41' 46* N. 

Method II. 1- 46' 59* ; latitude 38* 41' 25" N. 

Towson : Exceeds limits of Table. 

12. Star's decl. 47 33' 32" 8. : true alt. 49 54 3*. Latitude 7 27' 35* S. 

The Curve.— -Correct magnetic bearing S. 13 W. 

Deviations.— 12° W. : 8° W. : 8° W. : 3 W. : 12 E. : 20' E. : f E. : 8° W. 
Compass courses.— 8. 36 W. : N. 75 E. : 8. 4 W. : N. 31° E. 
Magnetic courses.— N. 49 E. : N. 47° W. : N. 5 W.: 8. 2J E. 
Bearings, magnetic. — N. 75 E. : 8. 75° W. 



EXAMINATION PAPEK— No. XIV, pages 327—328, 

I* 5*903094 =z 8000074. 

2. 8850814 =r "0709274. 

3. True Courses.— S 4o°E , 2i'dep. course : S 65 E., 14': N. 54 W., 9': N. 23°E , 18: 
8. io° W., 22': 8. 6o° \V M 29': N. 16° E , 20' -6: N. 79 E., 14' current course. Biff. lot. 
I3'*8 S., dep. i6'*4 E. : course 8. 49^ E., diet. 2i£'. Lot. in 34 42' 8., diff. long. 20' E. Long, 
in i8°48'E. 

4. Green, date, Feb. io d 2i h 50™ 40' : red. decl. 14 9' 38" 8. : true alt. 30 33' 20*. Lati- 
tude 45 17' 2" N. 

5. Log. of diff. long. 2 010904 = Diff. Long. 102*5. 

6. Diff. lat. 4202' N : mer. diff. lat. 4555' : diff. long. 4847' E. : tang, course 10*026985 : 
eourn N. 46 47' E. : distance 6136'. 

7. Standard, Brest, constant + 4 h 43 m ; corr. for long. + 9 m » 5 h 2 & m A - M -» 6 b ° m p - lt - 

„ Waterford, i h 42™ a.m., a h 20" p.m. 

„ Leith, — |h 49™ ; 9*1 48m ^h.j io h 2I m P.M. 

8. Green, date, March 30* 7 h 41™ 8»; red. decl. 4 8' 37" N. ; true amp. E. 4 10* NT. 
Correction 8° 1' \V. ; deviation 14 1' W. 

9. Interval I5 d ; rate 4^9 gaining ; interval 32 d 2i h ; ace. rate 2 m 41'; Green, date, May 
26 d »i h io* 6»; red. decl. 21 23' 19* N. ; red. eq. time 3** 4* subt. ; true alt. 43 20' 9*; 
hour-angle 2 h 53 m 55% Longitude i° 46' 15* W. 

10. Green, date, July \t£ o* 25™ 20*; red. decl. 22 10' 41* N. ; true alt. 44 59' 38* ; 
sum of logs. 19-228412 ; true azimuth 8. 48 34' 44* E. Correction 54 s 12' 14* W. ; deviation 
3 11' 14* W. 

11. Time from noon 30™ 41"; Green, date, November 7 d i8 h 3i m 53*; red. decl. 
1 6° 42' 12' 8. ; true alt. 40* 4' 47" ; mrr. zen. dist. 49 22' 51* N. Latitude 32 40' 39* N. 

Method IE. (- 32' 17*. Latitude 32 40' 49* N. 

Towson: Aug. I, -j- 8' 30* ; ind^x 81 ; Aug. IT, -\- 24' io Y . Latitude 3 2 40* 21* N. 

12. Star's decl. 57 7' 43* 8. ; true alt. 32° 48 59*. Latitude o° 3* 18' N. 

The Curve.— Correct magnetic bearing 8. 17° E. 

Deviations.— 27 E. ; 39 E. ; 22 E. ; 5 W. ; 29 W. ; 27* W. ; 23° W. ; 5° W. 

Compass courses.— N. 28 W. ; N. 58 W. ; 8. 79 J° W. ; 8. 89 W. 

Magnetic courses.— 8. 8o° E. ; 8. 42 E. ; N. 66° W. ; 8. 87 E. 

Bearings magnetic— N. 2 8° E. ; 8. 62° E. 



EXAMINATION PAPER— No. XV, pages 329—330. 

»• i'35 I 334=«'45 61 - 

2. 9030734 = to7333. 

3. True Courses.— 8. 72 E., 25' dap. course ; N. 41 ° E., 35'*4 ; N. 62° E., 48' ; N. 53 W., 
43'; 8. 6o° E., 26 ; N. i8> W., 18'; 8. 46° E., 32'; N. 82 E., 36'. Diff. lat 54-3 N., dep. 
130' 6 E.; course N. 67 J° E., diet. 141 J'. Lat. in 38 31' N., diff. long. 166' E. Long. «• 
2 C 5' E. 
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4. Gr*en. date, Nov. 2o d 19 11 i% m 40'; red. dec!. 20 r 50* S. ; true alt. 8o° 28' 59*: 
latitude 29 32' 51* S. 

5. Log. of diflf. long. 1*909671 = diff. long. 8i'22. 

6. Diff. lat. 731' 8. ; mer. diff. lat. 733' ; diff. long. 1259' W. ; tang, courso 10*234922 ; 
course 8. 59 47 J' W. ; distance 1453'. 

7. Standard, Brest, + 5 h i3 m ; corr. for long. — i5 m ; 9 h 26 m a.m. and 9 h 42 m f.m. 

„ Dover, -}- o h 8 m ; no a.m. and o h 7 m p.m. 

„ Dover, + 5 h i3 m ; 4 h 53 m a.m. and 5 b i2 m p.m. 

8. Green, date, Jan. i6 d 8 h 2 m 24*; red. decl. 20 56' 37*' 8. ; true amp. W. 29 17 J' S. 
Oortectwn 13 21 J' W. ; deviation 9 58^ E. 

9. Interval i8 d ; rate 4 1 o losing ; interval 72 d i2 h ; Greenwich date, June 4 d i2 h 33™ 40" ; 
red. dftol. 22 34' 25" N. ; true alt. 28* 18*52* ; red. eq. time subt, i m 4%*; hoar-angle 3 h 52 m i3*\ 
Longitude 1 1 3 4' 45' E. 

10. Green, date, Nov. 9 d 14** 58 m 46^; red. decl. 17 14' 2' S. ; true alt. 6° 11' 26'; sum 
of logs. 19-300927'; true azimuth S. 53 7' 24'' E. Correction 3 17' 24* W. ; deviation 
io° 37' 24* W. 

11. Time from noon 9 m 5*; Green, date, Jan. 8 d 3 h 3i m 43*; red. decl. 22 16' 35" 8.; 
true alt 76' 57' 49" ; nat. no. 594; mer. zen. dist. 12 53' 5* S. Latitude 35 9' 40* 8. 

Method II. — |- 9' 9*. latitude 35 9' 42" 8. 
Towson : True alt. exceeds the limits of the Table. 

12. Star's decl. i6 3 32' 50* 8. ; true alt. 37^ 45' 59*. Latitude 35 41' 11* N. 

The Curve.— Correct magnetic bearing N. 12 E. 

Deviations.— 12 E.; o°; 17W.; 24 W. ; i2°W.; 7 E. ; 17 E. ; 17 E. 
Compare courses.— N. 85 W. ; 8. 57 W. ; 8. 34 E. ; 8- 8° E. 
Magnetic courses.— N. 86° E. ; 8.E. by S. ; N. 38} W. ; N. 79 W. 
Bearings magnetic— (Deviation for ship's headE. by 8. J 8. = 20 J° W.) ; N. 82 J° W. ; 
8. 37 J° E. 

EXAMINATION PAPEK— No. XVI, pages 330—331—332. 

1. Log. of product 6*498062 = product 3148195*6 Log 5*231506, product *oooooi7i2. 

2. Log. of quotient 4^86680 = quotient 96979*6. Log. 2*439691, product 027523. 

3. True Courses.— N. 69° W., 15' dep. course ; N. 58 W., 51' ; 8. 63 W., 42' ; N. 5i°E., 
30'; N. 36° W.. 46' : S. 270 W., 11'; S. 68° E., 16 ; S. 51° W., 32' current course. Diff. lat. 
37 o N., dep. 122-8 W.; course N. 73 W., dist. 128 ; Lat. in 36 50' S., diff. long. 152* W. 
Long, in 71 9' W. 

4. Green, date 1876, December 3i d i2 h 48 111 24*; red. decl. 23 i r 13* 8.; true alt. 
83 52' 24". Latitude 16° 53' 33* 8. 

5. Diff. long. 192*5 W. Long, in 182 9 29-5 W.. or 1770 30J' E. 

6. Diff. lat. 2747' 8. ; mer. diflf. lat. 2919'; diff. long. 6340' W. ; tang, course 10*336855 ; 
course 8. 65 17' W. ; distance 6570. 

7. Standard, Brest, — i h 27«°; 5 h 37 m a.m., and 5 h 57" B p.m. 

„ Brest, — 3 h 1 7 m ; corr. for long. — 7 m , 3 h 40™ a.m., and 4 h o m p.m. 
„ Brest, 4- 4 h 2* n ; corr. for long. + io", n h i6 m a.m., and n h $6 m p.m. 

8. Green, date, Nov. 3 d i7 h 28™ 30*; red. decl. 15 29' 49* 8. ; true amp. E. 22 55' 8. 
Correction 27 42}' W. : deviation n° 12 \' W. 

9. Interval 1 4 d ; rate 8»*5 gaining ; interval i24 d 2 o h ; ace. rate 17™ 41"; Green, date, 
August 3i d 19 1 * 54 m 30'; red. decl. 8° 8' 11" N. ; eq. time — o m 14" ; true alt. 15 25' 44*; 
hour-angle 4 h 45 m 41*. Longitude io° 6' 15* W. 

10. Green, date, May 3i d i6 h i3 m ; red. decl. 22 6' 17* N. ; true alt. 39 20' 26' ; sum 
of logs. 19779730; true azimuth 8. 101 47' 34* E. Conection 3 21' 19" W. ; deviation 
4*u' i 9 < W. 

11. Green, date, April i2 d i4 h i m 5 s ; time from noon io" 15* ; red. decl. 90 7' 38* N. 
true alt. 8o° 43' 11" ; nat. no. 987 ; mer. zcn. dist. 8° 55' 22* 8. Latitude o° 12' 15' N. 

Ksthod II. \- 21' 24*. Latitude o° 12' 2" N. 
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Towson : The altitude exceeds the limits of the Table. 

12. Star's decl. 60* 19' 27* S. ; true alt. 9 52' 32*. Latitude 19* 48' 1' N. 

The Curve.— Correct magnetic bearing 8. 14 W. 

Deviaiion.-20° W.; 16 W.; 4°W.; i6°E.; 20° E.; I4°E.; i°E.; n°W. 

Compass courses.— 8. 4 E. ; S. 89 E. ; N. 340 E. ; N. 1 3 \° E. 

Magnetic courses. — 8. 7 W. ; East; 8. 500 W. ; N. 15 W. 

Bearing magnetic. — N. 79J W. ; 8. 85 E. 



EXAMINATION PAPER— No. XVII, pages 333—334. 

1. Log. of product 2*577492 = product 378 ; 2*138598 = '013759 and 1*301030 = 20. 

2. Log. ofquotiont 3*954292=: quotient 9001*0: 5 -30 1030 = '00002 : 6*301030= -oooooa. 

3. True Courses.— 8. 4? W., 16' dep. course; N. 71 E., 30'; S, 47° W., i5'*4 ; S. 71 E-, 
50' ; N. 41 W., 9'; 8. i8» W., 28' ; 8. 76 E., 47' ; N. 82 E., 42' current course. Diff. lat. 
5o'*9 : 8., dep. I57'*6 E. ; course 8. 72 E., dist. 165J'. Lat. in 51 16' 8. Diff. long. 249 J' E., 
long, in 183 49^ E., or 176 io|' W. 

4. Green, date, Sept. 22 d 2o h 9™ ; red. decl. o° 14' 41* 8.; true alt. 84°2i' 18*. Latitude 
5° 53' 23* 8. Raper : True alt. 84 21' 8*. Latitude 5° 53' 33* S. 

5. Diff. long. 220*9 E., or 3 41' E. Long, in 3° 1' E. 

6. Diff. lat. 2531' S. ; xner. diff. lat, 2701 ; diff. long. 7433' E. ; log. tang. 10*439639 ; 
course 8. 70 2' E. ; distance 7412'. 



no a.m., and o* 1 i7 m p.n. 
3 h i8 m a.m., and 3 h 45™ p.m. 
6 h 2 m a.m., and 6 h 31™ p.m. 
9 h 24 m A.M., and 9 h 50™ p.m. 



7. Standard, Leith, constant — i h i7 m 

„ Devonport, „ — i h iy* 

„ Weston-super-mare, „ + o h 19™ 
„ Portsmouth ,, — i h n« 

8. Green, date, Nov. 4* 2i h 23 m ; red. decl. 15 51' 4* 8. : true amp. W. i6°59* 8.- Cor- 
rection 1 9 35' E. ; deviation 18 35' E. 

9. Green, date, Aug. 5 d 8 h 8 m 44" ; red. decl. 16° 44' 18* N. ; red. cq. time -|- 5™ 40*: true 
alt. 35 16' 45'; hour-angle 3 h 53™ 55*. Longitude at sight 179a 14' 45* W.: diff. long, since 
sight 55' 42". Longitude at noon 180 10' 27" W., or 179 49' 33'' E. 

10. Green, date, Aug. 13 d 2 h 20™ 40*; red. decl. 14 28' 33* N. ; true alt. 27* 23' 29*; 
sum of logs. 19*259920; true azimuth N. 50 29' 48* E. Error 250 29' 48* E. Demotion 
9 9' 48" E. 

11. Green, date, June n d i9 h 43 m 30*; time from noon 32™ 1 8"; red. decl. 23 11' 32* N.; 
true alt. 50 14' 43*; nat. no. 8768. Latitude 15 46' 14* 8. 

Method II. + 47' 52*. Latitude 15 46' 3" 8. 
**Towson: Aug. I, + 12' 16* ; index 81 ; Aug. II, + 34 38*. Latitude 150 46' 41* 8. 
ix ^Star's decl. 22 52' 59* N. ; true alt. 6o° 23' 4". Latitude 52 29' 55* N. 
The Curve.— Correct magnetic bearing 8: 20 E. 

Deviations.— 22 W. ; io° W.; 3 E. ; i4°E.; i5°E.; io°E.; o°; io° W. 
Compass courses.— N. 24 W. ; 8. 14° W. ; N. 35 J° E. ; N. 13 E. 
Magnetic courses.— S.S.W. ; 8. 4i°E.; 8. 72$° W.; 8. i° E. 
Bearings, magnetic— 8. 8oi° W. ; N. 68J° W. 



EXAMINATION PAPER— No. XVIII, pages 334—335—336. 
1. 7*754166 = 56776104. 3*806197 = "00640025. 

1. 8 201 561 = '015906. i3'oooooo= 1 0000000000000. 

3. TTrue Courses.— S. 6° W*, 19' dep. course; N. 50 W., 23**7 ; 8. 47° E., i6'*j; 
N. 180 E., i7'*6; 8. 8° W., 14'* 1 ; N. 87 E , 42'*3 ; 8. 75 E., 12'; 8. 65 W., 15' current 
courne. Diff. lat. 19'* 3 S. ; dep. 35'* 3 E. ; course 8. 61 J°E. ; dist. 40 J' E. Lat. in 56° 41' N. : 
Diff. long. 65' E. Long, in 38 55 W. 

4. Green, date, June 24 d 20 11 3™ : red. decl. 23 23' 46" N. : true alt. 6o° 4' 7*. Latitude 
6° 32' 7* 8. 
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Baper : True alt. 6o° 4' 1* N. Latitude 6° 32' 13* S. 

5. Diff. long. I53'*9 W., or *° 34' W. Longitude in 12 4' W. 

6. Diff. lat. 47 2 8' -5 N. : mer. diff. lat. 4896**5 : diff. long. 3540' E. : log. tang. 9*859117 : 
true course N. 35 51' E. Compass course N. 15° 52' E. : distvnce 5588'. 

7. Standard, Brest + 6 b 28°° : corr. for long. — 1 2 m : i h i$ m a.m. and i b 33 m p.m. 

„ Brest + 3 42 : corr. for long. + 9 ' 1 ' 8 a.m. and 1 1 26 pjc. 

„ Queenstown — o 59 : : 7 33 a.m. and 7 49 p.m. 

8. Green, date, June 23 d i8 h 48 01 i2« : red. decl. 23 25' 23* N. : true amp. 23 25 J' N. : 
Error of compass 54 2 1 J' W. Deviation 320 41 J' W. 

9. Interval 32 d : rate o*-8: interval 113 d 5 h : aco. rate i m 30* '5. Green, date, Sept. 
22 d 4 h 57 m 35 1 : red. decl. o° o' o* ; red. eq. time — 7™ 34"*5 : true alt. 16 56' 12* : hour- 
angle 4 b 52 m 15** 2. Longitude 149 21' 9* W. 

10. Green, date, March 2i d 13* 51™ i6»: red. decl. <x> 43' 8* N. : true alt. 42 57' 18*: 
sum of logs. 19-61 97 36 : true azimuth N. 8o° 24' W. Error of compass 150 13 J' E. Deviation 
V *3i' E. 

11. Green, date, Oct. 3 d i4 b 27™ 9*: time from noon io m 51*: red. decl. 4 25' 54* S. 
true alt. 63 47' 10" : nat. no. 963. Latitude 30 31* 12* S. 

Method II. + 7' 34*. Latitude 30 31' 12" S. 

Towson : Aug. I, + o' 16* : index 15". Aug. II, + 8' 6'. Latitude 30 30' 54" S. 

12. Star's decl. 55 51' 19* N. : true alt. 84 $& 45". Latitude 6d> 54' 34* N. 
The Curve.— Correct magnetic hearing N. 8° W. 

Deviations.— io° E. : 9 E. : 5 E. : o° : 6° W. : 9 W. : 7 W. : 2 W. 
Compass courses.— S. 76° W. : N. 48 E. : S. 6° E. : N. 88J° W. 
Magnetic courses.— S. 40J W. : S. 2* E. : S. 88° E. : S. 6$° E. 
Bearings, magnetic— N. 84J W. : N. 64$° E. 



EXAMINATION PAPEB— No. XIX, pages 336—337—338. 
1. 6-742037 = 5521240-5. 5*109096 = 128557. 

*• i'9°35°5 = '800767. 7922575 = 8367083670962. 

True Courses.— N. 53 E., 21' dep. course : S. 74° E., i6'-6 : S. 25 W., iy-4 : N. 35* E., 
193 : S. i° W., 191 : 8. 65 W., 47'*6 : N. 77 E., 21-3 : N. 48 E., 49' current course. 
Diff, lat. io'-i N. : dep. 52'*© E. : course N. 79 E. : dist. 53'. Lat. in 62 30' N. : diff. long. 
1 12 E. Long, in 62 48' W. 

4. Green, date, May 3i d 2i h i m 20 s : red. decl. 22 7' 52" N. : true alt. 72 28' 57". Lat. 
39° 38' 55" N. 

5. Log. of diff. long. 1*747719 = diff. long, S5'94- 

6. Diff. lat. 3757' S. : mer. diff. lat. 4255' ; diff. long. 7560' E. : log. tangent. 10*249622 : 
course S. 6o° 38' E. : distance 7661. 

7. Standard, Leith — i h 17™ : ii h 59 m A.M. and no p.m. 

„ Leith — 2 55 : 10 21 am. and io h 42 m P.M. 
„ Brest -+- 6 57 : 918 a.m. and 9 39 p.m. 

8. Green, date, Dec. 27 d n h 35 m : red. decl. 23 17' 27* S. : true amp. E. 31 9$'S. Error 
of compass 58 50J' W. Deviation 39 40^* W. 

9. Green, date, Jan. 28 d i6 h 36 m 50^ : red. decl. 18 6' 23" S. : red. eq. time + 13 111 17*: 
true alt. 17 52' 42' : hour-angle 3 h 46" 35* : long, at sight 170 45' 30' E. : diff. long, since 
sight 19' W. Long, at noon 17 1° 4' 30* E. 

10. Green, date, July 9 d 17 11 50"* io»: red. decl. 22° 12' 50* N. : true alt. 140 36' 40": 
sum of logB. 19-176158 : true azimuth N. 45 34' 36* W. Error of compass 47 49' 36* W. 
Deviation 54 34 36'' W. 

BEE 
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ii. Green, date, Nov., 28* i$ h 58" 31": lime from noon n« n»: red. decl. 21° 33*0" S. : 
true alt 74 15' 51' : nat. no. 1306': latitude 6' 5' 33* S. 
Method II. + 17' 6". Latitude 6' 5' 53* S. 

ia. Star's decl. 8° 20' 44* 8. : true alt. 52 n' 54* : latitude 29° 27' 52* N. ~ 
Towson : Hour-angle exceeds the limits of Ta^Ie. 
The Curve.— Correct magnetic bearing S. 8° E. 

Deviations.— i5°E.: 3 E. : i3°W.: 28 W. : 14 W. : io°E.: i3 3 E.: 140 E. 
Compass courses. -8. by W. : 8. 87 E. : 8. 13' E. : 8. 85^ W. 
Magnetic courses.— N. 20 W. : N. 54 W. : S. 82 E. : N. 32 E. 
Bearings, magnetic. — 8. 68° W: West 



EXAMINATION PAPER— No. XX, pages 338—339—340. 

1. 7*891486 = 77890714. 5*763323 = '000030057986. 

2. 2*900314 = 794-904- T9S 01 ^S = 891793 ?S. 

3. Trne Courses. - East 30' dep. cnuree: 8. 88° E., 54*2 : N. 48 E., 4i'*6: S. 76 W., 
14' 4: 8. 22 E., 46*5 : N. 9 W., 29'*! : S. 51 E., 49 # *2 ; Jf. 79°"E., 4o'*8 current course. 
Diff. lat i5'*2 8. : dep. 192' 2 E. : course 8. 8^° 5. : diet. 193'. Latitude in 59 34' N, : diff. 
long. 380 J° E. : longitude in 37 49 J' VV. 

4. Green, date, Sept 30* i8 h 2i n> 20* : red. decl. 3° 19 58* S. : true alt. 56 56' 24* : UU. 

*9° 43' 38" N. 
4.* Green, date, July 2 d 8 h 59 w , red. decl. 22° 59' o r N., true alt io« 25' 59*, latitude 

770 26' 59* N. 

5. Diff. long. 369-7 E., or 6° 10' E. : longitude in 21° 18' W. Compose course K. 6i° 29' E., 
or N.E. by E. J E. nearly. 

6. Diff. lat. 2000' N. : mer. diff. lat. 2043' : diff. long. 2043' W. : log. tang. 10000000: 
true course N. 45 W. Compass course N. 320 7 J' W. Diet. 2828' '4. 

7. Standard, Brest — 2 h 2 m n h 52 m A.ic. and no p.m. 

„ Portsmouth — 1 1 1 84 a.m. and 8 h 35°* p.m. 

„ Brest — 117 corr. for ?ong. — i m 06 a.m. and o 36 p.m. 

8. Green, date, April, i$ A o h 34 m 4%* : red. dtcl. 13* 24' 19* N. : true amp. W. 25 25' N. 
Error of compass 67 24' W. Deviation 31 34' W. 

9. Green, date, Aug. 23 d i8 h i6 m 50": red. dicl. io° 59' 40* N. : red. eq. time + 2 m 7*. 
t-iie alt 37* 26' 49* • bour-angle 3 h 23™ 6». Long at sight 35 32' 45* E. : diff, long. 10' 45* W\ 
Lmgitude at noon 35 22' o" E. 

io. Green, date, Oct. 3i d 22 h 15™ 44*: rod. decl. 14 37* 27* 8.: true alt. 12° 23' 17*: 
■um of logs. I9'2i7276: true azimuth S. 47* 55' 14* E. Error 50 43' 59* W. Deviation 

17° *3' 59* W. 

11. Green, date, May 29 d 9 h s% m 28" : time from noon 4™ i2 - : red. decl. 21 47* 7* N. : 
true alt. 670 53' 11* : nat. no. 160. Latitude o° 18' 14* 8. 

Method II. + 1' 29*. Latitude o° 18' 17* 8. 

Towson : Aug. I, + o' 12" : index 2. Aug. II, + 1' i8 f : latitude 0° 18' 12' 8. 

12. Star's decl. 6° 48' 49* N. : true alt. 28 58' 36* : latitude 54 12' 35' S. 

The Curve. — Correct magnetic bearing 8. 49° E. 

Deviations.— 20 W. : i6°W.: 2 W. : 14 E. : 20 E. : i5°E.: i°W.: n°W. 

Compass courses.— 8. 33 W. : S. 43 E. : N. C9 W. : N. 24 E. 

Magnetic courses.— N. 9 E. : 8. 74° W. : 8. 1 5° W. : 8. 6o° W. 

Bearings, magnetic.— 8. 2 E. : 8. 88° W. 



INDEX EEKOtt, page 347. 

,. 4. 2' 15* Semid. 15' 57" 2. — 1*40* Semid. 15*45' 

3. + 27 45 „ 16 12 4+0 5* »> l6 49 

5. + 38 20 „ 19 10 6. + 35 5 „ 17 3* 
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i. 

3- 
5- 
7- 
9- 

ii. 






EXERCISES ON THE CHABT. 

FOR ONLY MATE, FIRST MATE, AND MASTER. 
North Sea, pages 351 — 352. 

Diet. 49' 

'9 
149 

41 



Course W. \ 8. 

S. by W. } W. 

S.E. J S. 

W. by S. J 8. 

„ N.W. by W. 

(True course N.E. \ E. 
\ Mag. do., E. by N. J N. 



» 

tt 



66 
3*9 



2. 


Course 8 W. J W. 


Diet 163' 


4. 


,, S.W. i S. 


» 67 


6. 


„ N. £ E. 


» 35 


8. 


„ S.E. by 8. 


» 5° 


10. 


„ N.W. i N. 


» 3° 



1a. 



/ True course 8 E. J 8. \ „„, 
\ Mag. do., 8. by E. i E. J 351 



12. The sbip is in latitude 55 59' N., longitude 2 40' E., and must sail S.E. } S. (mag.) 
209 miles. 

14. The place of mooting was lat. 56 5' N , long. 3° n'E.: the course steered by the 
ship from Heligoland was N.W. f W. (true), and by the ship from Hartlepool was 
N.E. by E. i E. 

Long. i° 1 1' W. 
1 28 VV. 
o 24 W. 

3 E. 

1 34 W. 

1 36 E. 
ist Station — Lat. 54 24' N., long. 0° 20' W., distance 6 miles. 
2nd ,, „ 54 24 N., „ o 1 W., „ 14 



*5- 
16. 

*7- 
18. 

*9- 

20. 
21. 



Lat. 55°'5l'N. 
57 16 N. 
60 4 N. 

54 27 N. 

55 49 N - 
„ 53 20 N. 






it 
a 
it 

n 

a 



Course S.S W. Distance 34' 


,, S.S.W. i W. 


a 9 6 


„ S.W. \ 8. (nrly) 


» '59 


u' S. } E. 


»> 69 


J Farn Lights 
\ Berwick Light 


a Hi 


Course N.N.W. } W. 


n 75* 



22 



ISt 

2nd 



a 



tt 
a 

it 



SS » N-, 

54 53 N., 



tt 
tt 



8 W., 
1 W., 



a 
*» 



12 
16 



it 

it 



English and Bristol Channels y and South Coast of Ireland^ pp. — 352 — 354. 



1. Course 8.W. by W. 
3. „ N. by E. J E. 
5. „ N.N.E. J E. 
7. Portland E. by N. i tf . 
9. Course E. by N J N. 
N.N.E i E. 
E. by N. i N. 
N. by W. f W. 
ti E. J 8. 
Lat. 49 48' N. 
49 40 N. 



11. 

«3- 

15- 
17. 

J 9- 

20. 

21. 
22. 

*3- 
24. 

*5- 
26. 

*7- 
28. 

29. 

30. 

3i. 

3*- 

33- 
34. 



»» 



» 



a 



Dist. 21' 
44* 



Long. 



n 

a 
a 
it 
it 
it 
a 
it 

6° 



ti 



tt 



a 



tt 



a 



tt 



a 



ti 



a 



*» 



» 



tt 



11 



50 28 N. 
• • • • 

52 * N. 

52 4 N. 

50 35 N. 

5° 3 a N - 

51 25 N. 

49 5*4 N. 
5 1 47 N. 
51 41 N. 

5° 39* N . 



>» 



» 



»> 



>> 



»» 



»> 



>» 



» 



» 



>i 



>i 



» 



» 



*5i 

5° 
26 

53 

65 
76 

7i'W. 

3 W. 



6 19 

1 5« 
SS 



w. 
w. 

E. 
W. 



1 3<>i w. 

4 59 W. 

5 35 W. 
7 4*1 W. 
5 39 W. 

o 35 E. 



2. 

4- 
6. 

8. 

10. 

12. 

14. 

16 

18. 



Course 8.8 E. i E. 

N. by E. (nrly.) 
N.E. } E. 
N. by W. J W. 
S.E. i E. 
E. by 8. J 8. 
N. by E. J E. 
N.}W. 
E.JS. 



Dist 



yt 



n 



a 



ti 



n 



tt 



n 



a 



Course E. by 8. 
S.E. I E. 
E. JN. 



a 



a 



»t 



37' 

*5 

7»* 
21 

77 
40 

21 

67 
35* 
Distance 37' 

45 
40 



a 



a 



n 



11 



» 



it 



a 



19 



ft 



II 



II 



N. by W. i W. 

S.S.E. $ E. 

N.JE. 

N.W. by W. t W. 

N.W. by W. 

N.N.W. i W. 

N.W. by W. I W. 

W. by N. 

S.E. by 8. i 8. 

(Dist. off Dan gen ess Light, 21 miles. 
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First Course— S.E. by 8. (true), or 8. by E. (mag.), distance 24 miles. 
Second „ N. by E. (true), or N.E. by N. (mag.), distance 24 miles. 



396 Answ&rs. 

SOUNDINGS. 
Difths, &c, page 361. 

1. Time from high water i h 31°; half-range for day 18 feet 4 inches; table B + 13 
feet. Depth of water required 55 feet 7 inches, or o£ fathoms. 

2. Time before high water i h 47™ ; half-range for day 7 feet a inches ; table B -f 4 feet 
2 inches. Depth 60 feet 4 inches, or 10 fathoms. 

3. Time before high water i h 46°° ; half-range for day 1 1 feet, 3 inches ; table B -f 6 feet 

9 inches. Depth by chart 8 feet 3 inches. 

4. Time from high water o* 15" ; half-range for day 20 feet 9 inehes ; table B + 20 feet 
5 inches. Cprr. to low water 43 feet 5 inches. Water below sounding 7 ieet 5 inches. 

5. Time from high water 5 h 4i m ; half-range for day 14 feet 5 inches; corr., table B, 
mb. 14 feet 3 inches ; height of water 1 foot 3 inches below zero. 

6. Time from high water 3* 59™ ; half-range for day 5 feet 5 inches ; table B sub. o feet 

10 inches. Sounding by chart 71 feet 2 inches, or 12 fathoms nearly. 
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This book should be returned to 
the Library on or before the last date 
stamped below. 

A fine of five cents a day is incurred 
by retaining it beyond the specified 
time. 

Please return promptly. 
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